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Diagnostic Reagents 


for the Determination of 


ANTISTREPTOLYSIN TITERS 


Bacto-Streptolysin O Reagent is a standardized reagent recommended as an 
aid in the diagnosis of Rheumatic Fever, Glomerulonephritis and other dis- 
eases associated with Group A streptococcal infections. 


SENSITIVITY TESTS 


The significance of determining bacterial sensitivity is accentuated by the 
discovery of increasing numbers of antibiotics, sulfonamides, and other chem- 
otherapeutic agents and the development of resistant organisms to one or 
more of these compounds. Sensitivity or resistance is easily determined with 
Bacto-Sensitivity Disks. 


HETEROPHILE ANTIBODIES 


The differential diagnosis of Infectious Mononucleosis requires the use of 
standardized heterophile reagents: 


Bacto-Guinea Pig Kidney Antigen, Desiccated and Suspension 
Bacto-Beef Cell Antigen, Desiccated and Suspension 


BLOOD COAGULATION 


Prothrombin determinations require accurately prepared interstandardized 
reagents: 


Bacto-Thromboplastin Bacto-AC Globulin 

Bacto-Prothrombin 2 Stage Reagent Bacto-Sodium Chloride 0.85 Per Cent 
Bacto-Prothrombin Free Beef Plasma Bacto-Sodium Oxalate Solution 0.1 Molar 
Bacto-Prothrombin Free Rabbit Plasme Bacto-Calcium Chloride Solution 0.02 Molar 


LIVER DISEASE 


Differential diagnosis of hepatic disturbances is aided by standardized re- 
agents: 
Bacto-Cephalin Cholesterol Antigen 
Bacto-Thymo! Turbidity Reagent Bacto-Kingsbury Turbidity Standards 
Bacto-Thromboplastin and other Prothrombin Reagents 


RENAL FUNCTION 


Phenolsulfonphthalein Ampules, Difco is a carefully prepared injectable 
recommended for use in determining renal excretion rate. 


HEMAGGLUTINATION 
OF RED BLOOD CELLS 
Accurately determined by the use of: 
Bacto-Trypsin 1% for Hemagglutination Trypsin, Difco, 1:250 


Bacto-Hemagglutination Buffer Bacto-Bovine Albumin 30% 
Bacto-Phytohemagglutinin 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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looking for a good fraction collector? 


here’s a quick check list of things to look for... 


aliy automatic? 

t it up, come back later, find 
fone, results waiting 

ct up to 200 samples? 
reds of small fractions give sharper 
erentiation, higher resolution 

a few drops to 28cc? 


volume-versatility to handle the full 
range of cutting problems 


h a choice of two methods? 


time/flow or routine work, or drop- 
counting for critical accuracy 


dem rig for doubled output? 


hurries up things when you need results 
TECHNICON T/F FRACTION COLLECTOR 





fitted with a tandem rig to bntinuous progress totalizer? 


double collecting output. shows you at any time exactly how far 


sampling has progressed 


above all 
n you depend on it? 


has it a proven-in-use record which 
guarantees soundness of design, rugged- 
ness of construction 


to look further. The Technicon Fraction Collector, not only 
y point above, but on practically any other you can think of. 
collector has an unmatched record in hundreds of laborato- 
over. And that’s important ... because a poor collector that’s 
for repairs can clog rather than expedite your work load. 


~ technicon 
Wookanized fraction collection 


There’s much more you should know about this time-and-labor saving 
instrument. Write today for brochure. 


Technicon Chromatography Corp. 
Research Park - Chauncey, New York 
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with DIAGNOSTIC 


in your prothrombin 


your finger tip 
the only control 
so efficient 


so truly sensitive 
properly proportioned 


quality controlled 
throughout 


key advantages 


highest reproducibility 


Add to this the resources 


testing and you can see 


DIAGNOSTI 
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| 
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ii 


PLASMA Warner-Chilcott. the truly n 


PLASMA Warner-Chilcott # 


time test system 


controls an enzymatic clotting system 


it can detect small changes in the test environment. 


that it can be the standard for a prothrombin time control 
because it is: 


and controlled with regard to accelerator factors, pH, 
salt concentration and ionic strength. This balance razor- 
sharpens the sensitivity of Diagnostic Plasma 


Warner-Chilcott. 


—in our laboratories specializing only in blood coagula- 
tion for twenty years. 


—standardized at 100% and at various dilutions through 
642% of normal activity; standardized for coagulase 
testing against negative, weakly positive and strongly 
positive coagulase-producing organisms; easy to handle, 
simple to reconstitute, ready to use at any time, stable. 


—test-to-test and vial-to-vial makes it the standard for 
prothrombin time determinations as well as other coagu- 
lation studies. 





of twenty years experience in all phases 


DIAG NOST I¢ 


of coagulation 


PLASMA has no equal. 


why 


yrmal sensitive enzymatic coagulation 


. 4 . ‘ @ i - 2 
control. is available from leading labordtory supply dealers in boxes of ten 0.5 ml. vials. 


GENERAL DIAGNOSTICS ows: 


on WARNER-CHILCOTT 
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“Recoveries with the new 
method [LIPITEST Re- 
agent] achieved more ac- 
curate results than did the 
other two methods.”’* 


Reprints of “A Simple Method for Determination of 
Total Lipids in Serum,” from which the above quotes 
were taken, may be obtained by simply dropping us a 
card at the Laboratory Chemicals Department, Merck 
Chemical Division, Merck & Co., Inc., Rahway, N. J. 
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“The apparatus required 
is simple, inexpensive and 
readily available . . .”* 


és 
<x 


“The test requires a total 
of 30 minutes for duplicate 
samples, of which only 3 
minutes is actual working 
time.”* 


Mb 


DO NOT REFRIGERATE 
Store at Room T 
CAUTION! jot coor 


Seated, imenetiannts Owe 


fee at east 1% mmmietes. 


SIMPLE 


“... it [LIPITEST] is ex- 
tremely simple, making 
possible the use of total 
lipid studies in every clin- 
ical laboratory.”’* 


Laboratory Chemicals Department 


E MERCK CHEMICAL DIVISION 


MERCK 


KD 


MERCK & CO., INC - RAHWAY, NEW JERSEY 


*Brandstein, M., and Castellano, A.: J. Lab. & Clin. Med. 57:300-305 (Feb.) 1961. 


J. Lab. & Clin. Med. 








‘the: 
finest \ 
onany ; 
_ Stage’ /, 


aa hy QO 
0 604 


y Yn 


GOLD SEAL 
SLIDES 


and 


COVER 
GLASSES 


July, 1961 


\ 


NS 


~Y 


Microslides and cover glasses bearing the familiar “Gold Seal’ 


| label have set standards of quality for many years. They are as perfect 
| as painstaking manufacturing processes can make them. And as a 


final safeguard, they are individually inspected before being packaged. 
“Gold Seal’’ microslides are made of flawless, colorless, non- 


| corrosive glass. Each slide is of uniform thickness, length, and width 


and has ground, polished edges. Each is precleaned and ready for use. 
A special-edged Stand-Rite dispenser box, used to pack all ‘‘Gold Seal"’ 
microslides, keeps slides upright, permits finger-tip removal without 


| smearing or fingerprinting. 


‘Gold Seal’’ cover glasses are of equal excellence. Carefully selected 
and guaranteed perfect, they are made of rigidly specified, non- 


| corrosive, nonfogging glass of uniform thinness. Available in every 
| convenient size and thinness, ‘‘Gold Seal’’ cover glasses are dispensed 
| clean from lint-free plastic boxes holding one ounce of glass. 


Your dealer carries ‘“‘Gold Seal’’ microslides and cover glasses 
and a large selection of microslide boxes, cabinets, and other acces- 
sories. Illustrations and full details 


of all items may be found in the Clay- 
Clay-Adams catalog No. 106. If you de 
do not have a copy, write today a/IMS 


on your institutional letterhead to: Now York 30, 0. ¥. 
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IT HAPPENED THIS MONTH... 


a glance at yesterday in relation to today 


IN JULY—(1873)—Joseph Lister reviews a series of experiments supporting the 
germ theory of fermentation. This work utterly disproves the rival oxygen theory 
and shows all reported instances of spontaneous generation have been due to faulty 
experimentation. There is no evidence that any chemical possesses the one charac- 
teristic that distinguishes all true fermentation—self-propagation. However, it has 
been shown that emulsin, a peculiar albuminous principle existing in sweet and 
bitter almonds, can break up ten times its weight of amygdalin. “In this sense, 
then, as intervening between the growth of organisms and the resultant decompo- 
sitions, the theory of chemical ferments might be welcomed as a valuable 
hypothesis.” ! 


Within a short time, this theory became fully established, and the chemical fer- 
ments elaborated by yeast became known as enzymes. It has taken considerably 
longer for the self-propagating properties of certain chemicals to become a major 
subject of research. Currently the relation of the nucleic acids to genetic duplica- 
tion and virus replication has become one of the focal points of research. Whether 
you are concerned with enzyme action or nucleic acid chemistry, the biochemical 
intermediates available from Schwarz BioResearch—plain or labeled with C'4, H®, 
S**, or N'°—may provide useful tools for your research. 


IN JULY—(1933)—a report from the Lister Institute (London) considers the 
effect of proteolytic enzymes on the oxytocic hormone. Gulland and Macrae? find 
that two commercial trypsin preparations inactivate this hormone at widely differ- 
ent rates. A comparison experiment using quantities with equal tryptic activity 
clearly indicates that the inactivating enzyme is not trypsin. Nor is it a papainase, 
arginase, or prolinase. Aside from the fact that this inactivating enzyme accom- 
panies proteolytic enzymes, there is no evidence adduced here that the oxytocic 
hormone contains peptide linkages. 


Twenty years later, du Vigneaud received the Nobel prize for investigations which 
established the polypeptide structure of oxytocin through amino acid analysis, 
systematic degradation, and chemical synthesis. Chemists at the Yeda Research 
and Development Company at the Weizmann Institute (Israel) have synthesized 
a wide variety of peptides, polyamino acids, and intermediates for peptide synthesis 
which are distributed by Schwarz BioResearch. A special catalog listing these 
compounds is available upon request. Write for a quotation on your individual 
requirements. 


IN JULY—(1953)—the Journal of Histochemistry and Cytochemistry discusses 
the function of the sarcosomes of insect flight muscle. It is suggested that these 
small spherical bodies play a role similar to that of mammalian mitochondria. 
ATP is synthesized in the sarcosomes by oxidative phosphorylation, and the 
energy-rich phosphate is made available for actomyosin contraction by diffusion 
into the adjacent muscle fibrils. Following contraction, ADP diffuses back into 


the sarcosomes (the sarcosomal membrane being impermeable to AMP), and 
the cycle is repeated.* 





Adenosine phosphates have long been an important specialty in the Schwarz 
BioResearch line. We supply the various isomers of adenylic acid, as well as ADP, 
adenosine 3 :5’-cyclic phosphate, adenosine 5’-phosphoramidate, and several grades 
of ATP. The 5’-mono-, di- and tri-phosphates of guanosine, uridine and cytidine 
have recently been added to our list. Many of these compounds have been radio- 
labeled and all are listed in our regular catalog. Send for your copy. 


1. Lister, J.: On the germ theory of putrefaction and ether fermentative changes. Nature 8:232 (July 17) 1873. 
2. Gulland, J. M., and Macrae, T. F.: The oxytocic hormone of the posterior lobe of the pituitary gland. IV. 
The action of preparations of animal proteolytic enzymes, and some observations on the nature of the hormone. 
Biochem. J. 27 :1383, 1933. 3. Levenbook, L,: Mitochondria of insect flight muscle. J. Histochem. ]:242 (July) 
1953. 
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NEW...SIMPLE 


.»-A SPECIFIC 
INEXPENSIVE 





TEST FOR 


ESTIMATING SERUM 


BETA-LIPOPROTEIN 


LEVELS 


BETA-L 


The growing evidence implicating beta-lipo- 


| protein as one of the agents responsible for 


atherosclerosis has emphasized the need for a 
test procedure which is reliable, yet simple 


| enough to be suited to clinical purposes.! Hyland 


Beta-L TEsT answers this need. BETA-L TEST 
results show a close correlation with complex 
quantitative methods now in use,” yet BETA-L 
TEsT can be completed in less than ten minutes. 
Test is performed by mixing one drop of pa- 
tient’s serum with two drops of BeETa-L TEsT 


‘| antiserum on a card slide, filling an IMMUNO- 


CRIT® tube, sealing and spinning for 5 minutes 
in a micro-capillary centrifuge. Length of pre- 
cipitate column indicates beta-lipoprotein level. 


1. Wood, F. C., Gurin, S., and Kuo, P. T.: Medical 
Correlation Clinic on Atherosclerosis and Coro- 
nary Artery Disease, Am. Pract.-Dig. Treat. 
12:235 (April) 1961. 


2. Heiskell, C. L., Fisk, R. T., Florsheim, W. H., 
Yachi, A., Goodman, J. R., and Carpenter, C. M.: 
A Simple Method for Quantitation of Serum Beta- 
Lipoproteins by Means of the Immunocrit, Amer. 
J. Clin. Path. 35:222 (March) 1961. 


*Enlarged, unretouched photos of 3-inch IMMUNOCRIT 
tubes show normal (a) and elevated (b, c) beta-lipo- 


~! protein levels. 
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TEST 





BETA-L TEsT is supplied in compact 
60-test kits containing 5 cc Anti- 
human Beta-Lipoprotein Precipitin} }' 
Serum, 60 card slides, 60 capillary} 
pipettes with rubber bulb, 60 IMMu- 
NOCRIT tubes, two millimeter scales} }; 
and magnifier. List No. 71-000, $20.} }! 























HYLAND LABORATORIES 


4501 Colorado Blvd. 
Los Angeles 39, Calif. 
Branch Office: 


‘f 160 Lockwood Ave., Yonkers, N.Y. 
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FILLING ALL NEEDS 


in a wide range of laboratory procedures... 





= MEDIA 


ehydrated e Prepared in Tubes and Bottles 
Peptones and other Culture Media Ingredi- 
nts e RIMSEAL Sterile Disposable Plated Media 


\BORATORY APPARATUS 


REWER Automatic Pipetting Machines e Anaer- 
dic Jars e Petri Dish Boxes e Slide Staining 
acks e Culture Tube Cabinets e Bacteriolog- 
‘al Display Racks e Tube Rotators e Dilution 
ottle Shakers e Metal and Anaerobic Petri 
ish Covers 













GB BBL 








MICROBIAL SUSCEPTIBILITY TEST ITEMS 


SENSI-DISC antimicrobial discs e Automatic 
SENSI-DISC Dispenser 


MISCELLANEOUS 


Stains e Indicators e Chemicals e Carbohy- 
drates e TAXO Discs for Microbial Differentia- 
tion e KiLitT Ampules for Sterilization Control 
e Disposable Polyethylene Lab Gloves e Fluo- 
rescein Isothiocyanate e Penicillinase e Ceph- 
alin Cholesterol Antigen 


BALTIMORE BIOLOGICAL LABORATORY, INC Baitimore 18, Maryland 


Division of B-D Laboratories, Inc. 
In Canada: Becton, Dickinson & Co., Canada, Ltd., Toronto 10, Ontario 
B-B-L, KILIT, RIMSEAL, SENSI-DISC, AND TAXO ARE TRADEMARKS 


























Beckman expanded scale pH meter 















































increases readability sevenfold 


With the new line operated Beckman Model 76 
Expanded Scale pH Meter, readability to 0.003 
PH is now possible. In addition to the standard 
0 to 14 pH scale, this new Beckman unit incor- 
porates an expanded scale with a 2.0 pH full 
scale range graduated in 0.01 pH units. Thus, 
any two pH units can be chosen from the full 
0 to 14 pH range and read on the expanded 
scale. Likewise any 200 mv span can be selected 
from the 0 to 1400 mv scale with a readability 
of 0.3 mv. Features push-button operation, full 
0 to 100°C temperature compensation, and 
recorder jack. 


Thermomatic Constant Temperature Block and 
micro electrodes are available where tempera- 
ture maintenance and use of small samples are 
vital, as in blood pH. 


No. 65123A—Beckman Model 76 Expanded Scale pH 
Meter with general purpose electrodes and buffer 


al elie AER te Ee IY ob 9” Baia a $470.00 
No. 65123B—Thermomatic Constant Temperature 
No riccke ea res Gb dn gaits sa kee tt eee eees $132.00 
No. 65123C—Micro Electrode Assembly........ $69.00 


For routine use... New line operated Model 72. Beckman 
reliability at a moderate price................ $184:06 


Ask your S/P Representative for new pH literature or write... 





scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - 
Los Angeles - Miami - 
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Minneapolis - 
Export Department—Flushing 58, L. I., New York. In Canada: Canadian Laboratory Suppli 
in Mexico: Hoffmann-Pinther & Bosworth, S. A, 





Boston - Chicago - Columbus - Dallas - Kansas City 
New York +» San Francisco - Washington 
y Supp Limited. 
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Paragon Reagents Paramount Quality 


Tested and proven reagents of the very highest quality 


Kaiserling Powder No. 1—PARAGON 
Kaiserling Powder No. 3—PARAGON 


For preparing Kaiserling solutions No. 1 and No. 3 used in the fixation and color 
preservation of anatomical and pathological museum specimens. Perfect fixation and 
color preservation are now readily obtained. Either solution may be easily prepared at 
once by dissolving the pre-weighed powder in hot water and allowing to cool. The 
small packages of powder conserve space and solve storage problems for these solutions. 
Large amounts of liquid formalin need no longer be kept on hand. Gallons may be 
prepared in a matter of minutes. Full directions appear on label. 





PS1661 Kaiserling Powder No. 1—Paragon For gallon $1.85 
PS1651 Kaiserling Powder No. 1—Paragon For a liter 1.25 
PS1663 Kaiserling Powder No. 3—Paragon For a gallon 1.85 
PS1653 Kaiserling Powder No. 3—Paragon For a liter 1.25 


Lenker’s Fluid—PARAGON 


An excellent general fixative which is specially recommended for the fixation of blood 
forming tissues and organs. Supplied without acetic acid which is added just prior to 
use. Zenker formol (Helly’s fluid) may be prepared by adding formalin. Full instructions 
on bottle label. The best fixative for obtaining the sharpest nuclear details with hema- 
toxylin stains. 


PS1674 Zenker’s Fluid—Paragon Bottle (500 cc) 3.25 


Bouin's Fluid—PARAGON 


Specially recommended for the fixation of skin tumors. It penetrates with a minimum 
of hardening and shrinkage and will not overfix. It is noteworthy for the production 
of brilliant red counterstains with eosin. 


PS1675 Bouin's Fluid—Paragon Bottle (500 cc) 2.25 


Schaudinn’s Fluid—PARAGON 


For use in parasitology. Fixes and preserves cellular details of ova and parasites. Ex- 
cellent for fecal smears. Preserves parasites without shrinkage or distortion so that 
identification is easier. Supplied without acetic acid which is added before use. 


PS1673 Schaudinn’s Fluid—Paragon Bottle (500 cc) 3.25 
PS1672 Schaudinn’s Fluid—Paragon Bottle (250 cc) 2.00 


Write for catalogs 957A & 957B for more detailed information and staining technics 
All prices F.O. B. New York, New York, subject to change without notice 


Manufactured exclusively by 


PARAGON C. & C. CO., INC., 2540 Belmont Ave., New York 58, New York 


Cable address: Wijeno, New York 
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years of Years of knowledge and experience will be 


combined to analyze this specimen. Each 
member of Biochemical Procedures’ analytical 


e . 
experience will team has been hand-picked for technical 
excellence, experience and education. 
eye 
be utilized 
i in with painstaking accuracy. It will be completed 
in performing a quickly and economically. Immediately upon 


completion, the report will be air mailed. 


catecholamines The staff of Biochemical Procedures is ready 


to work for you, 20 hours a day, 7 days a week 


Like all tests, this assay will be performed 





utilizing the advanced instrumentation of a 
laboratory geared specifically for your 
specialized problems in clinical chemistry. They 
are as close as the corner mail-box. 


CATECHOLAMINES (Adrenaline and 
Noradrenaline)...(JUST ONE OF 156 | 
SPECIALIZED TESTS PERFORMED DAILY). The 
major difficulty involved in Catecholamines 
assays is non-specific fluorescing artefacts 
in the urine. Biochemical! Procedures’ 
clinical chemists, specialists in fluorometric 
assays, use a quantitative assay technique 
utilizing the double monochromatic 
Spectrophotofluorometer which provides 
specificity through accurate wave 
length selection. 

(REF: Thomas, Am. J. Clinical Path., 28:605, 1957) 











Be EMICAL PROCEDURES, INC. 


12020 Chandler Bivd., North Hollywood, Calif., U.S.A. 


Serving hospitals, universities, laboratories, 
clinics and physicians throughout the world 


Write for free mailing containers, complete fee schedule 


; and “The Bulletin of Laboratory Medicine)’ a monthly 
a publication designed to keep you abreast of newest 
i I developments in the clinical laboratory field. ; 
a 


A PFA Biochemical Procedures, Inc. 
BIOCHEM ICAL PROL Hl v 12020 Chandler Bivd. 
North Hollywood, Calif., U.S.A. 
Please send the following material by return mail: 


a. vd., North rollywot [] Mailing [—] Fee schedule [_] “The Bulletin of 


containers Laboratory Medicine” 


name 





address 








city zone —__ state 
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Nuclear-Chicago’s new family of liquid scintillation counters — 


Just months old and already meeting 


the critical demands of exacting research 


Although introduced and well received just 
last April, Nuclear-Chicago’s new family of 
liquid scintillation counters is already hard 
at work. At varying levels of work load and 
within widely differing budgets, these three 
systems are setting new standards of pre- 
cision, sensitivity and convenience for de- 
manding scientists. 


Research programs expand and equip- 
ment needs are upgraded. These new 
systems—compatible with your present, 
standard scaling instruments—easily ac- 
commodate to such growth. 


Model 701 is a modestly priced, basic sys- 
tem for manual, room-temperature count- 
ing of limited numbers of samples. Unique- 
lysensitive detectorassemblyandadvanced, 
transistorized circuitry provide high count- 
ing efficiency for carbon-14, tritium, and 
other soft-beta emitting isotopes. Model 702 


Model 701 Model 702 
manual operation, manual, temperature-controlled operation, 
shown with shown with 8250 scaler 


8250 scaler 


and 8600 timer 


adds a precision-controlled low-tempera- 
ture chamber for increased tritium-count- 
ing efficiency. The third member of the 
family, Model 703, provides fully automatic 
sample handling together with varied op- 
tions of data presentation. 


Field conversion to upgrade Models 701 
and 702 as work load and budget permit 
requires only the addition, first, of the 
custom-built, compact cooling chamber, 
and then, of the automatic sample changer 
mechanism and controls. 


Please request literature detailing these 
compact, integrated systems. 





nuclear-chicago 


CORPORATION 














333 EAST HOWARD AVENUE, DES PLAINES, ILLINOIS 


Model 703 

automatic, temperature-controlled operation, 
shown with two 8250 scaiers, 

8600 timer and 8401 digital recorder 
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For photomicrography 
and simultaneous obser- 
vation, binocular photo 
tube “FS” is available 


the 
laboratory 
Microscope 
which 
fulfills 
research 
requirements 


the nw LEITZ LABOLUX Illa 


The Leitz Labolux IIIa is a new laboratory microscope with built-in illumination and the famous 
Labolux ball-bearing focusing control, which combines both coarse and fine focusing in a single 
knob. Available with a wide variety of accessories, the Labolux IIIa is recommended for all routine 
laboratory work and, in addition, can be equipped to fulfill the most exacting research. 


A variety of interchangeable tubes is available: monocular, binocular or trinocular (binocular 
viewing plus photo tube for photomicrography). Tubes can be rotated 360° so that the Labolux IIIa 
may be faced away from the observer, for increased accessibility to all controls and to the object 
stage, and to make “conference-viewing” by two consultants more convenient. 


Among the condensers available are the Abbe type, the Berek 2-diaphragm condenser, and condensers 
for phase contrast and dark field observations. The Labolux IIIa is readily adapted to fluorescence 
microscopy by addition of the Leitz fluorescence accessories. The large stand, in a new contemporary 
design, is constructed for a lifetime of use with fatigue-free operation and precision performance. 
All controls, including the knobs for the mechanical stage, are in a low convenient position. High- 
power objectives have spring-loaded mounts for prevention of damage to lenses and slides. 


LABOLUxX Illa, Model S 25/95 


e inclined binocular tube S with knurled knob to adjust for proper interpupillary distance e built-in 
mechanical stage #25 e two-lens condenser #95 @ substage unit with rack and pinion focusing accepts 
sleeve-type condensers ¢ quadruple nosepiece with achromats 3.5X, 10X, 45X and 100X oil immersion, 
the last two having spring-loaded mounts e paired 10X wide-field eyepieces @ horizontal carrying case 
e 3-step transformer, 6 V., 2.6 Amp. 


For literature and/or a personal demonstration in your laboratory, write: Dept. L-7 


&. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
ODOistributors of the wortd-famous products of 
Ernst Leitz G.m.b.H..Wetziar. Germany—Ernst Leitz Canada ltd. 
LEICA CAMERAS - LENSES - PROJECTORS . MICROSCOPES - BINOCULARS 


32959 
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Now you can get 
No. 12 thickness CORNING’ cover glass 


at new, low prices 


Leading manufacturers of microscopes 
say this thickness gives best results 


with high-power dry objectives. 


Now, for the first time, you need not pay a 
premium price for the cover glass thickness 
which most manufacturers use to prefocus 
their instruments’ optical systems and rec- 
ommend for optimum performance. 

You can get No. 1% thickness of our fin- 
est quality CORNING cover glasses—in the 





very same sizes of squares, rectangles and 
circles as our standard No. 1 and No. 2 thick- 
nesses—for less money than any other No. 
142 covers on the market. Squares and rec- 
tangles are only $2.30 per ounce. A saving 
of $1.35 over the old price. 

You can save still more by combining or- 
ders for No. 1% cover glass with those for 
your Pyrex® laboratory ware needs, to get 
quantity discounts as high as 23.5%. 

We package squares and rectangles to give 
you cleanliness and convenience. For most 
of your applications, CORNING cover glasses 
are clean enough to use as they come out of 
the dispenser box. They come out easily, too, 
because they are packed for convenient one- 
at-a-time removal by the edges. 

For more information on CORNING cover 
glasses, call your laboratory supply represent- 
ative or write for Supplement No. 3 to Cat- 
alog LG-2. Laboratory Glassware Depart- 
ment, 8207 Crystal St., Corning, N. Y. 


*) 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PYREX® taboratory ware... the tested tool of modern research 


July, 1961 
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Medotopes by Squibb— 
Radioactive Pharmaceuticals for diagnosis and therapy — 


OTOPE DIAGNOSTIC 

oid gland uptake, 
protein-bound-iodine (PBI 
studies, and thyroid scanning 


ALBUMOTOPE 

B and plasma volumes; 
ation times, cardiac 

output 


CHROMITOPE SODIUM 
Tagging red blood cells 
for volume, survival, 


gastrointestinal bleeding 


OLEOTOPE 

Fatty acid absorption 
TRIOLEOTOPE 

Fat absorption and 
pancreatic function 
studies 


RADIO-CHOLOGRAFIN 
Liver function, blood 
cireulation studies 
ROBENGATOPE 

Liver function 


HIPPUTOPE 
Kidney functiong 
circulatidf time 


Medotopes cover an extensive range of 
diagnostic and therapeutic procedures, 
each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience, All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide ¢ Ferrutope * Phosphotope ¢ Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope * Iodo- 
tope ¢ Iriditope * Phosphotope. 


For full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 


*« Mledotopes 


‘acsumorore ®, “‘aurcorore’®, ‘cnococrarin’ ®, ‘curomitore’®, 


2 
SQUIBB 7 CONTIN ‘cHrompHospHorore’ ®, *COBATOPE 58 AND 60’®, ‘rerrutore’®, 


‘bb li thy ‘nipputore’, “1ov0ToPe’ ®, ‘inioitore: ®, ‘mevorores’ ®, ‘oveotore’®, 
Squibb Quality @ oy ®,« ® ® ® 
PHOSPHOTOPE’™, “ROBENGATOPE’™, ‘RUBRATOPE’™, ‘TRITIOTOPE’™, 





—the Priceless Ingredient 


AND ‘trioceotope’ ® ARE SQUIBB TRADEMARKS, 
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Now you can meet the rapidly growing requirements 
of fluorescence microscopy with 
AO's New FLUORESTAR Microscope and Accessories 


A complete FLUORESTAR outfit consists, essen- 
tially, of an AO Spencer Microstar equipped with 
a special dark field stop in the condenser and a 
barrier filter over the compensating lens in the 
body; plus an AO Merc-Arc, Osram HBO-200, 
Illuminator with exciter filter for selective trans- 


mission of light rich in ultra-violet. This new AO _ 


FLUORESTAR outfit meets the most exacting re- 
quirements for dark field fluorescent antibody tests 
for pathogenic and non-pathogenic organisms. 

There are many FLUORESTAR models you can 
choose from ... each will give you unequalled con- 
venience and versatility. FLUORESTAR Series 12 
and 14 can be used for dark field fluorescence and 
ordinary bright field microscopy; Series 16 and L16 
can be used for dark field fluorescence, phase and 
ordinary bright field microscopy. 


COMPANY 
INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


In addition to complete FLUORESTAR outfits, 
AO offers fluorescence accessories to equip your 
present AO Spencer bright field or phase micro- 
scope for dark field fluorescence. 

You can use your present microscope for rapid 
scanning of exfoliative cytology and related tech- 
niques by the simple addition of proper filters and 
the AO Spencer 390B Illuminator (with AH4 Mer- 
cury Arc Lamp). 

For complete information on the new FLUOR- 
ESTAR and complete accessories for fluorescence 
microscopy write for our new Brochure SB12, or 
contact your AO Sales Representative. He is thor- 
oughly trained in the techniques of fluorescence 
microscopy. Help with your specific problems is 
yours for the asking. 


ae &) Optical 


Dept. U15 
Please forward the new FLUORESTAR Microscope 
Brochure SB12 


Name 


OO ee ae at x 


IN CANADA write — American Optical Company Canada Ltd., Box 40, Terminal A, Toronto, Ontario 










accurate prothrombin 
times with the 






EWLD/FEO Prothrombin Recorder 


Faster because, once the sample is placed in the 
instrument, the determination is made automatically 
while the technologist is preparing the next sample. 


More accurate because automatic determinations 
eliminate variations in technique and end-point judgment. 


The EMDECO Prothrombin Recorder mechanically 
duplicates standard laboratory procedure and provides 
sharp, reproducible end points. 


In operation, mixing of plasma and reagent is precisely 
controlled. Readings taken across a set of electrodes appear 
as sharp peaks on a strip chart until the first formation 

of fibrin gel returns the recorder to a straight-line trace. 
The number of peaks recorded indicate the prothrombin 
time . . . an authenticated record of each test for the 

doctor’s permanent file. 


Ask your laboratory supply dealer for complete 
information or write for Bulletin PR-1. 


Ps 


LECTRO-MECHANICAL DEVELOPMENT CO. 


2337 Bissonnet e Houston 5, Texas 
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HARTMAN-LEDDON COMPANY 


60th & Woodland Avenue 
Philadeiphia 43, Pennsylvania 


| 
| 
| 
| 
| 
| 
| 
| 
| 






HANDI-BOY. 
AOd-IQNVH 


















This 
Is 
the 
0 


called 
HANDI 


You might ask what’s in a name, why HANDI? Well, in this case, plenty! 
To quote Mr. Noah Webster, the word handy (same word, but his spelling) 
means “easily used, convenient, saving time or work: as a handy device.” 
And that’s just about our story in one word. Hence, HANDI-BOY,* the 
newest concept in packaging from Harleco to the laboratory field — the 
carboy with built-in convenience. Here you have five gallons of any 
solution (compatible with polyethylene) sealed against accidental con- 
tamination during use...safe from breakage...a disposable package — 
nothing to return. So easy to use —just pull the tab, invert the package, 
snip the tube and gravity does the rest for either a permanent, in-system 
hookup or drawing off of small, measured quantities. Like Mr. Webster 
says, if it’s handy, it saves time or work... Harleco HANDI-BOY* 


*Trademark, Hartman-Leddon Company, Inc. 
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Accurate! Reproducible! Sensitive! nee: 
COLORIMETRIC mem sirsseann 
CHLORIDE eas 

DETERMINATION = *risitita 


in Serum, Plasma, Urine, Sweat, and ee” 
Cerebro-Spinal Fluids with new determinations is pertormed 


individual determinations 


UNI -TR CH take less than 60 seconds. 


ELIMINATE THESE TIME-CONSUMING 
STEPS AND MANIPULATIONS: 
CHLORI-PAK - Standardization of Mercurie 
Nitrate Solution 
* Titration 
* Buretting 
* Preparation of protein-free filtrate 


NEW CHLORI-PAK, PLUS THESE OTHER 
UNCONDITIONALLY GUARANTEED KITS 
ARE AVAILABLE FROM YOUR DEALER 


URI-PAK — Colorimetric Cyanide-Free 
Method for Uric Acid Determination 
CHOLE-TECH — Colorimetric Total 
Cholesterol Determination. 
ESTER-PAK —‘‘One tube” 
Determination for Free Cholesterol 

3 and Cholesterol Esters. 
te pears ton 4 LIPA-PAK — Serum Lipase Determination 
sings oe : in 10 minutes. 

AMYL-PAK — Colorimetric Serum 


' ‘ H L oO R ae _pP A and Urine Amylase Determination in 


my AL rl fit . a 15 minutes. 
eo eek TRANSAMINASE DUO KIT — Colorimetric 
- =- eee nenee i 


Determination of SGO and 
SGP Transaminase. 














wee | » notheey 
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Write For Free Procedures : 


UN -TECH 


Chemical 
NGF smc 
Company 
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14725 Arminta Street, Panorama City, California 


PRODUCTS OF TECHNICAL UNIFORMITY 
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Clinical and experimental 


Starch gel electrophoresis of serum proteins and urinary 
proteins from patients with multiple myeloma, 
macroglobulinemia, and other forms of dysproteinemia 


Demonstration of diversity and complexity of protein alterations in 72 cases 


RALPH L. ENGLE, JR., M.D., KENNETH R. WOODS, Pu.D., 
GERMAN B. CASTILLO, M.D.,* and JAMES H. PERT, M.D. New York, N. Y. 


The application of starch gel electrophoresis to the study of the proteins in the blood 
and urine of 56 patients with multiple myeloma, 3 patients possibly in the early stages 
of multiple myeloma, 5 with macroglobulinemia, and 8 others with abnormal peaks in the 
electrophoretic patterns is described. This method of electrophoresis gives high resolu- 
tion of protein components and allows a more detailed assessment of protein alterations 
than can be attained by other methods. It has been possible to demonstrate that the 

' protein abnormality in multiple myeloma is frequently more complez than previously 
recognized. In the serum patterns usually a single abnormal peak was found, but in 
8 cases, 2 were seen; im 8 cases, 3; and in 1 case, 4 peaks were seen. Among the 
urinary Bence-Jones protein patterns, in 7 cases, 4 bands were seen; in 10 cases, 3; 
in 12 cases, 2; and in 9 cases, 1 band was seen. There was also some evidence for 
heterogeneity in the latter 9 cases. Results were compared with those obtained by other 
methods of electrophoresis, particularly filter paper, and the advantages and disad- 
vantages of the starch gel method are discussed. For routine diagnostic purposes, 
when only one method is used, the starch gel has no great advantage over filter paper. 
However, as a research tool in the study of multiple myeloma and related diseases, the. 
starch gel method has some important advantages. 


vr Department of Medicine, New York Hospital, Cornell Medical Center, New York, 


Supported by Research Grant C-1905 from the National Cancer Institute of the National 
Institutes of Health, United States Public Health Service. 


Abstract! published in the program for the meeting of the American Society for Clinical 
Investigation in Atlantic City, N. J., May 6, 1957. 


Received for publication July 1, 1960. 
*Fellow of the China Medical Board of New York, Inc. 
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Ruin serum and urinary proteins are altered in many diseases, none 
of the changes are as well documented as those in multiple myeloma. Putnam? 
has reviewed what has been learned about the protein abnormalities in this 
disease from a variety of methods, including, in part, moving boundary electro- 
phoresis and the relatively simpler filter paper electrophoresis. The present 
work describes the application of starch gel electrophoresis to the study of the 
proteins in the blood and urine of 72 patients with multiple myeloma and 
other dysproteinemias. This method of electrophoresis, originally described 
by Smithies,® gives high resolution and is capable of separating the proteins 
of normal human serum into over 20 fractions. Hence, the method used in 
this study allows a more detailed assessment of protein alterations than ean 
be attained by other methods. It has been possible to demonstrate that the 
protein abnormality in multiple myeloma is frequently more complex than 
previously recognized. ‘ Furthermore, a clearer differentiation of the abnormal 
proteins has been obtained by virtue of differences in their relative electro- 
phoretie migrations in starch gel. 


Methods 


Preparation of samples. Blood was drawn from the antecubital vein, transferred to 
a test tube, and allowed to clot. The serum was either removed and examined during the 
same day or frozen until the electrophoresis could be performed. Urine was collected under 
toluene and was examined directly. In some samples the protein concentration was low 
and better results were obtained after concentration by dialysis against 10 volumes of 4 
per cent polyvinylpyrrolidone (PVP). In other instances the urinary proteins were pre- 
cipitated by two-thirds saturation with ammonium sulfate. The precipitates were collected, 
dialyzed against distilled water, lyophilized, and applied to the gel as a 2 per cent solution 
in 0.03 M sodium borate buffer, pH 9.05. 

Identification of Bence-Jones proteins in the urine. Bence-Jones proteins were identified 
by the heat test. In many cases the procedure of Jacobson and Milner was used. The 
presence of Bence-Jones proteins was confirmed in all patients by electrophoresis and also, 
in most instances, by salting out and analysis in the ultracentrifuge. 

Electrophoresis. The method of starch gel electrophoresis has been described in de- 
tail.3, 5,6 In summary, soluble starch was produced by acetone-hydrochloric acid treatment of 
potato starch at 36.1° C. for 70 minutes. Gels were prepared from this soluble starch in 
0.030 M sodium borate buffer of pH 9.05 and electrophoresis was carried out with a potential 
of 4.5 v. per centimeter. The gel strips were stained with naphthalene black B 200. During 
the course of these experiments several variations in technique were utilized. Some of the 
samples were run for 5 to 6 hours at room temperature, and others for 16 hours at 10° C. 
Usually, the samples were inserted into the gel by suspending starch granules in the test 
serum and transferring an aliquot of the resulting slurry to a prepared slot. Occasionally, 
filter paper was saturated with the test serum and inserted into an incision in the gel. In 
some, blood and urine from the same patient were run side by side in the same gel. Ter 
minology of Smithiess has been used in the description of bands. Filter paper zone electro- 
phoresis was performed using the method of Flynn and de Mayo? with veronal buffer, pH 
8.6, ionic strength 0.05. Moving boundary electrophoresis was performed with an Aminco- 
Stern apparatus using sodium barbiturate buffer, pH 8.6, ionic strength 0.1. All zone electro- 
phoretic patterns were evaluated by visual inspection. 

Selection of patients. Samples from 56 patients with multiple myeloma and 5 with macro- 
globulinemia were examined. In addition, the results of electrophoresis of serum proteins 
of 8 patients who did not have multiple myeloma or macroglobulinemia and of 3 who may 
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have been in the early stages of these disorders are presented because of the abnormal pat- 
terns obtained. 


Diagnosis of multiple myeloma was made upon evidence that there was a plasma cell 
proliferation, usually invading the bone marrow, associated with the presence of the so- 
called myeloma proteins in the blood, and/or the presence of Bence-Jones proteins in the 
urine. In every instance tested but one, the Bence-Jones proteins gave a positive heat 
reaction. Because of its failure to redissolve upon boiling, the protein in the one exception, 
Case 15, was classified as ‘‘pseudo—Bence-Jones protein.’’ In other respects, including 
sedimentation coefficient, amino acid composition, and immunochemical behavior, this pro- 
tein had the characteristics of a Bence-Jones protein. In a few of these cases recognizable 
plasma cells were not the primary type in the marrow. In one patient the predominating cells 
were lymphocytes, and in another, they resembled reticulum cells. 


In 5 cases the diagnosis of macroglobulinemia was made, based on agar gel diffusion 
patterns characteristic of increased amounts of gamma globulin of high molecular weight in 
the blood, a 19 S component. In all 5, the presence of increased amounts of macroglobulin 
in the serum was demonstrated by the Ouchterlony immunologic method® and, in 3, this was 
confirmed in the analytical ultracentrifuge. Only 3 of these patients had the clinical mani- 
festations of Waldenstrém’s macroglobulinemia.® 


Results 


Table I records the results of starch gel and filter paper electrophoresis 
of serum and urinary proteins of the patients with multiple myeloma. Of 
these 56 patients, 13 were found to have an abnormal peak in the serum pat- 
tern but no Bence-Jones protein in the urine. On the other hand, 9 had 
typical Bence-Jones protein peaks in the urinary patterns without having ab- 
normal peaks in the serum patterns. Thirty-one had abnormal peaks in both 
urine and serum patterns, and one patient with massive diffuse proliferation 
of myeloma eells in the marrow and with hypogammaglobulinemia had 
neither. In 2 eases with serum abnormalities, the urine was not tested. 
Fifty-two cases had demonstrable alterations in serum pattern even though 
abnormal peaks might not have been evident. 


The distribution of the abnormal peaks as determined by starch gel zone 
electrophoresis of serum and urinary proteins is summarized in Table II. The 
abnormal peaks in the serum pattern occurred somewhere between the slow 
end of the gamma globulin region and the region just slower than albumin; 
frequently they were sharp, indicating a high degree of homogeneity, but 
sometimes they were diffuse (Fig. 1). Usually a single abnormal peak was 
found, but in 8 eases, 2 were seen; in 3 eases, 3; and in 1 case, 4 peaks were 
seen (Figs. 2, 3, and 4). When multiple abnormal peaks were seen, in some 
instances there was an apparent periodicity in the placement of the peaks, 
while in others the peaks appeared in widely and irregularly separated regions 
of the gel. In one instance, freezing the plasma seemed to result in a di- 
minished resolution and a slight alteration in mobility (Fig. 4). Generally, 
freezing was not observed to produce any notable alteration in gel electro- 
phoretie properties. In another instance a diffuse myeloma peak in the region 
of slow alpha, globulin covered the normal slow alpha, band (Fig. 3). In rare 
sases the myeloma peak appeared to be an elevation of a normal peak, for ex- 
ample, see Case 32, Fig. 1, wherein an elevation of the slow alpha, band is seen. 























Table I. Results of starch gel and filter paper electrophoresis of serum and 
‘urinary proteins from patients with multiple myeloma 
: = 
1 
hes 
Serum proteins, for- 
History No. albumin/globu- Bence-Jonl™ 
Patient No. or initials Age Sex Samplet lin (Gm. %) protein |! LU 
Patients with gamma serum myeloma peaks on starch gel electrophoresis. , 
1 654,885 59 F s 4.4/2.8 Die. 
Ut + 
2 J. Dz 77 M s . 
U 
3 673,352 40 M s 1.9/11.8 d 
U$ + 
4 662,470 49 F s 1.9/12.0 Md 
UT - 
5 663,526 55 M S 3.1/7.0 f 
U oa 
6 713,989 66 F s 4.2/5.3 dl 
U - 
7 362,432 48 M s 3.3/0.8 d 
UT + 
8 G. K. 59 M S 3.6/9.3 d 
US a We 
ny) L. L. 68 F s d 
U - 
10 669,033 61 F Ss 3.1/7.0 . 
Ut + 
11 780,368 57 M s 2.2/7.8 . 
U “é 
12 a. 2 63 M s 1.5/14.0 
U - 
13 713,090 38 F s 4.7/3.8 ‘ 
U = 
14 733,685 61 F ~ 3.6/2.4 
U 7 
15 601,298 65 M S 4.0/1.7 ‘ 
US - 2% 
16 646,765 41 M Ss 4.2/3.4 : 
U - 
17 F. K. 50 F Ss 3.8/4.3 . 
U - 
18 790,493 53 F Ss 2.2/7.9 : 
U - 
19 317,080 65 F s t 
U 
a 
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Serum proteins, 








History No. albumin/globu- Bence-Jones\mal 
Patient No. or initials Age Sex Samplet lin (Gm. %) protein | y 
20 688,185 69 M Ss 3.5/5.2 hl 
U m 
21 805,564 64 F Ss 2.0/9.8 j 
U - 
22 811,773 76 M s 3.7/4.3 d 
U 
23 812,745 61 M Ss 2.4/5.9 
U , 
24 824,243 58 M S 3.4/2.6 n 
U 
25 754,604 82 M Ss 4.1/5.3 d 
U 
Patients with serwm myeloma peaks between the origin and slow alpha, component on starch 
gel electrophoresis. 
26 683,038 66 M Ss 1.9/10.7 d 
US oat 
27 727,933 68 F Ss 3.1/4.6 d 
U$ + 
28 780,966 53 M S 2.2/8.5 d 
U “i 
29 764,336 52 F Ss 3.6/2.5 d 
US + 
30 788,045 67 M Ss 3.0/5.1 4d 
U + 
Patients with slow alpha, serum mycloma peaks on starch gel electrophoresis. 
31 Ss. B. 65 M S 4.2/1.2 d 
US + 
32 744,826 58 F Ss 2.0/2.1 d 
U + 
33 38,237 58 F Ss 3.8/3.7 d 
U$ + 
34 757 ,267 39 M Ss 2.4/6.4 d 
U$ + 
35 783,682 72 M Ss 3.1/7.0 d 
J + 
36 784,829 61 M s 3.4/4.5 d 
UT + 
—_}- 
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Serum proteins, 
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History No. albumin/globu- Bence-Jones 
Patient No. or initials Age Sex Samplet lin (Gm. %) protein \Y 
Patients with serum myeloma peaks between slow alpha, and albumin component in starch 
gel electrophoresis. 
37 J. O. 81 M Ss 3.5/3.4 4 
U 
38 BR. ¢. 58 F Ss 3.2/6.1 d 
U ~ 
39 M. R. 59 F S 2.1/4.0 d 
U 2 
40 658,468 65 M Ss 4.5/1.5 i 
U$ ~ , 
Patients without demonstrable serum myeloma peaks but with hypogammaglobulinemia on 
starch gel electrophoresis. 
41 654,371 38 M s 4.1/1.3 d 
US$ + 
42 765,568 52 F s 1.1/9.8 d 
US$ + 
43 61,235 66 M S 4.2/1.4 d 
U + ° 
44 O. J. S dl 
U + 
45 699,507 51 M s 5.3/1.8 d 
U - 
46 233,456 48 F Ss 4.4/1.7 d 
U + 
47 811,605 58 F s 2.3/8.1 ul 
U + 
48 790,571 71 M Ss d 
U + 
49 775,635 72 F s 3.6/2.0 d 
U pe 
Patients without demonstrable serum myeloma peaks and with normal gamma globulins. 
50 675,248 52 M Ss 5.4/2.4 a 
US - 
51 742,613 61 M Ss 4.1/1.9 . 
US$ ~ 
52 151,204 69 F s 3.9/1.5 . 
U 
53 812,529 78 M Ss 3.6/1.9 
U rs 
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Serum proteins, F 
: : ! 
History No. albumin globu- Bence-Jon 
Patient No. or initials Age Sex Samplet lin (Gm. %) protein Bm 





Patients in whom starch gel clectrophoresis of serum proteins was not performed, 





54 641,679 55 M Ss 3.9/1.6 
US + 
55 733,408 58 M s 4.3/3.0 
Ut + 
56 416,092 23 F Ss 1.2/13.0 
Us + 
*n = normal, d decreased, i = increased. 
iS = serum, U = urine. 


tElectrophoresis of urine and purified protein in starch gel gave poor resolutions. 
§$Urinary protein precipitated with (NH): SO«. 
{Urine concentrated. 


A visual evaluation indicated that albumin was decreased in almost all 
instances and that the gamma globulms in areas not covered by the myeloma 
peaks were decreased in 44 cases. While it is sometimes difficult to evaluate 
the concentration of gamma globulin from visual inspection of the electropho- 
retie patterns, in all of these cases the deficiency was thought to be a definite one. 
Some changes in many of the other protein components were difficult to dis- 
tinguish from normal variants. For example, in some instances additional 
bands were interpreted as splitting of the slow alpha, or beta globulin bands, the 
latter phenomenon having been shown to be genetically determined.*® Concen- 
trations of some of the other components varied, but these were usually difficult 
to evaluate. 

Some of the electrophoretic patterns of the urinary proteins are illustrated 
in Fig. 5. The typical Bence-Jones protein peaks in the urinary patterns 
were discrete and migrated in the gel anywhere from the slow end of the gamma 
globulin region to that region just slower than albumin. In 7 instanees, 4 
bands were seen; in 10 instances, 3; in 12 instances, 2; and in 9 instances, 1 
band. These latter specimens seemed to be homogeneous under conditions of 
the analysis. However, further study of one of the proteins revealed that 2 
bands could be resolved by modifying the conditions of electrophoresis. It 
is quite possible that the others are also heterogeneous. In 26 of the cases the 
bands oceurred close to each other with about the width of a band between 
them. The band nearest the cathode was always the most intense. There 
were 3 cases wherein 4 bands were seen to occur in widely separated portions 
of the gel. 
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In most instances where both serum myeloma proteins and urinary Bence- 
Jones proteins were encountered in the same patient, the mobilities of the 2 
proteins differed from each other, the urinary protein usually migrating faster 
than the serum myeloma protein. However, in 2 instances where 2 peaks were 
identified in the serum, one of them had about the same mobility as the 
urinary Bence-Jones protein from the same patient. In still another case with 
Bence-Jones proteinuria, there was a mid-gamma peak of almost identical mo- 
bility in both serum and urine. These cases suggest that occasionally there 
might be a Bence-Jones proteinemia of significant degree (Fig. 2). In ad- 
dition to the Benece-Jones protein, many urine samples contained relatively 
small amounts of other serum proteins, such as albumin and beta globulin. 
There was usually no difficulty, however, in identifying the components that 
differed from those seen in the serum. 

Also considered here are the sera from 5 patients with macroglobulinemia, 
4 of which were examined with the starch gel method. In one ease with 3 
Gm. per cent macroglobulin in the serum (estimated from ultracentrifuge pat- 
tern) no unusual band which could account for the expected quantity of 
abnormal protein was encountered in the electrophoretic pattern (Fig. 6). 
Considerable protein remained at the origin and did not/enter the gel. The 
eamma globulin was decreased, beta globulin and the haptoglobins were in- 
creased, and a moderately intense band was present between beta globulin 
and albumin. Other components were normal. Two eases had marked de- 
crease of the gamma globulins and no evidence of a macroglobulin band. In 
the fourth ease, a generalized hypergammaglobulinemia was observed. In 2 
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Table II. Distribution of abnormal peaks as determined by starch gel electro- 
phoresis of serum and urinary proteins (multiple myeloma patients only) 





No. of patients 








Mobility and No. of abnormal peaks Serum | Urine 
Gamma 

1 peak 17 4 

2 peaks 5 2 

3 peaks 9 0 

4 peaks 1 2 


Between origin and slow alpha, 
1 peak 


‘ 0 
2 peaks : 
3 peaks 0 . 

Slow alpha, 

1 peak . . 
2 peaks 0 , 
3 peaks 0 : 


Slow alpha, + gamma 
3 peaks 4 0 


setween slow alpha, and beta 





1 peak 0 1 

2 peaks 1 3 

3 peaks 0 4 

4 peaks 0 1 
3eta 

1 peak 2 0 
Between beta and albumin 

1 peak 1 2 

2 peaks 0 5 

3 peaks 0 3 

4 peaks 0 1 
Four bands in more than 2 regions 0 3 
Albumin migration but Bence-Jones heat 

test positive 0 2 
Hypogammaglobulinemia only (no myeloma 

peak) 9 0 
No significant abnormality 4 6 
Total 53 44 





of the 5 eases of macroglobulinemia, there was Bence-Jones protein in the 
urine. Starch gel electrophoresis of one of these urine samples revealed a 
single band in the slow gamma region. 

Eight patients who probably do not have multiple myeloma or macroglobulin- 
emia are mentioned beeause their sera showed the presence of abnormal peaks in 
the starch gel electrophoretic patterns. Diagnoses in this group included hyper- 
sensitivity to cold, emphysema and gastrointestinal bleeding, tuberculosis and 
liver disease, periodic hypervolemic shock (patient reported by Clarkson and 
associates''), granulocytic leukemia, diabetes with hypertensive cardiovascular 








Volume 58 


ely Starch gel electrophoresis of blood and urine proteins 13 


disease and goiter, coronary occlusion and bleeding tendency, and hypercorti- 
cism syndrome. In most of these patients there appeared to be an obscure 
underlying process which could not be adequately defined. In 3 of these 
patients the stareh gel electrophoretic pattern revealed a discrete gamma peak 
superimposed on a normal gamma globulin (Figs. 7 and 8). This contrasted 
with most of the cases of multiple myeloma where a markedly decreased normal 


origin 
Slow 


Albumin 


Normal serum 


Case 6 


Case 16 


Case 13 


QO 


Case : 





Case 8 


Case § 


Case 26 


Case 32 


Case 39 





Fig. 1. Gel electrophoresis of serum proteins from several patients with multiple myeloma 
showing variability in migration of myeloma peak. (In all illustrations showing electrophoretic 
patterns the origin is marked with an arrow, the anode is toward the right, and the cathode 
is toward the left. Each photograph is a composite of several individual patterns. This 
makes it difficult to compare exact mobilities. ) 


gamma globulin component was evident. Three patients had 2 discrete gamma 
peaks superimposed on a normal gamma globulin, 4nd 2 had a discrete gamma 
globulin peak associated with a decrease in the normal gamma globulin. None 
of these patients had any Benee-Jones protein in the urine. 

Three additional patients had no manifestations of multiple myeloma 
except for abnormal serum patterns, but these patients may eventually develop 
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other manifestations of the disease (Fig. 9). Bleeding was evident in 2 of 
these patients, one with a fast gamma peak and hypogammaglobulinemia, the 
other with a serum protein pattern that was normal on starch gel electro- 
phoresis but that showed a gamma peak on filter paper electrophoresis. The 
third patient had the menopausal syndrome, and the serum gel electrophoretic 
pattern showed a discrete gamma peak superimposed on a normal gamma 
globulin. 


Comparison of starch gel electrophoresis with other methods 


When the patterns derived from starch gel electrophoresis of the serum 
and urinary proteins were compared with those obtained by filter paper electro- 
phoresis, the mobilities of the abnormal serum proteins showed good correlation 


origin 
Slow 
Y a: B Albumin 


Normal serum 


Case 35, serum 





Case 35, urine 


Fig. 2. Gel electrophoresis of serum and urine from same patient with multiple myeloma. 
Serum pattern shows broad band in region of slow apha, globulin and 2 discrete bands in the 
gamma globulin region. The urinary pattern shows 3 bands in the gamma globulin region, 
one of which corresponds to the same mobility as one of the bands in the serum pattern. 
Three additional bands, probably normal serum proteins, are seen in the anodal end of the gel. 
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Slow 
Y Os 
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Albumin 


<b 






Normal serum 


Case 36 


Case 12 


Fig. 3. Gel electrophoresis of serum proteins from 2 patients with multiple myeloma. The 
strip from Case 36 reveals hypogammaglobulinemia and the presence of a broad myeloma 
peak in the region of slow alpha, globulin. The normal slow alpha, globulin band can be 
seen superimposed on the abnormal peak. The strip from Case 12 reveals 2 abnormal com- 
ponents in the region of gamma globulin. (Photograph has been purposely overexposed in 


order to demonstrate the multiple components. Other bands are thereby made less intense.) 
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(Table I). Where exceptions were noted, it was not determined whether 
effects of the supporting medium or of the buffer composition were responsible. 

tn comparing the patterns obtained by starch gel electrophoresis with those 
obtained by other methods, certain differences were noted. In one patient with 
hypersensitivity to cold, there was a definite gamma peak superimposed on 
the normal gamma pattern in the starch gel electrophoretic pattern while only 
a hypergammaglobulinemia could be seen in the filter paper and moving 
boundary electrophoretic patterns. In several instances where more than one 
peak was evident on gel, only one myeloma peak was seen on filter paper. Con- 
versely, in three instances of multiple myeloma without macroglobulinemia, no 
myeloma peaks were demonstrable in the gel electrophoresis pattern of sera, 
whereas peaks were found either on paper electrophoresis, on moving boundary 
electrophoresis, or on both. Furthermore, in no case of macroglobulinemia 
were serum myeloma peaks seen, probably because the gamma macroglobulin 
did not migrate into the gel. Bence-Jones proteins almost always resolved into 


origin 


Albumin 





Normal serum 
Case 23 
Case 24 


Case 19 ( Before) 


Case 19 (After) 


Fig. 4. Gel electrophoresis of serum proteins of 3 patients with multiple myeloma showing 
multiple abnormal peaks in each pattern. _ In one instance, Case 19, the change in pattern 
produced by freezing the serum is shown. Note change in resolution and mobility of protein 
in frozen sample. (Only proteins migrating toward cathode are shown in the last pattern; 
the other portion of the pattern was normal.) 


‘\ 


more components on gel than could be demonstrated on paper, where only one 
component was usually seen. In one striking exception, 4 gamma peaks were seen 
on paper electrophoresis. While most Bence-Jones proteins migrated in discrete 
bands, in 2 instances, even though large amounts of lyophilized pro- 
teins were applied, the protein did not resolve on the starch gel, and only very 
faint indistinct bands appeared. The reason for this is not clear. It was 
possible to get good resolution of these proteins upon filter paper electrophoresis. 
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Fig. 5. Gel electrophoresis of urinary Bence-Jones proteins from patients with multiple 


myeloma. Note heterogeneity of samples and variation in mobilities. An albumin band is 
noted in some samples, Not all of the Bence-Jones protein bands are visible. 


Y ee B Albumin 


Normal serum 





Fig. 6. Gel electrophoresis of serum proteins from a patient with macroglobulinemia, 3 Gm. 
per cent. Note the hypogammaglobulinemia. There is no peak comparable to the large 
amount of macroglobulin which was visible upon filter paper electrophoresis. 
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Case 66 
Case 67 
Case 68 
Case 69 
Case 63 
Case 62 


Fig. 7. Gel electrophoresis patterns of serum from patients who probably do not have multiple 
myeloma. Note one or more spikes in gamma globulin region, usually superimposed on a 
normal gamma globulin pattern. 
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Case 65 


Case 64 





Fig. 8. Gel electrophoretic patterns of serum from patients who probably do not have multiple 
myeloma. Note one or more spikes in gamma globulin region, usually superimposed on a 
normal gamma globulin pattern. 


Discussion 


Almost all patients with multiple myeloma have abnormal protein peaks in 
the electrophoretic patterns of the serum and/or urine as determined by 
moving boundary” and filter paper electrophoresis.‘* The mobilities of the 
abnormal peaks in both serum and urine differ from patient to patient and 
the peaks may be found to migrate at any point from the slow end of the gamma 
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globulin region to the alpha, globulin region. Observations emphasizing the 
diversity of physicochemical properties among proteins derived from different 
patients with this disease have been the subject of a series of reports by Putnam; 
his work and that of others has been summarized in a review article.'* The 
clinical aspects of multiple myeloma have been reviewed by Osserman.'® 


origin 


+ bet 2 Albumin 


Normal serum 


Case 70 


Case 





Fig. 9. Gel electrophoretic patterns of serum proteins of 2 patients who do not as yet have 
other manifestations of multiple myeloma. Note peaks in gamma region. 


Although it is not certain, the serum myeloma proteins and the urinary 
Benee-Jones proteins are thought to be derived from the abnormal plasma cells 
which are.characteristic of the disease. The Bence-Jones proteins have much 
smaller molecular weights than do the serum myeloma proteins, and they are 
cleared very rapidly from the blood by the kidney. The question of whether 
the abnormal protein peaks seen in the blood of patients with multiple myeloma 
result from the presence of excessive amounts of a normal constituent or from 
large amounts of an abnormal or modified protein has never been answered. 
The facet that the range of mobilities of the myeloma proteins is comparable 
to the range of mobilities of antibody activity is compatible with either thesis. 
When both a serum myeloma and urinary Benee-Jones protein are present in 
the same patient, the mobilities of the 2 proteins are usually different. The 
abnormal peaks in the serum and/or urine of an individual patient, however, 
maintain the same mobility throughout the course of the disease. Usually a 
single abnormal protein component is found: upon serum electrophoresis in 
any one patient. In rare instances 2 or 3 components have been described.® ***® 
The electrophoretic heterogeneity of some Bence-Jones proteins has also been 
recognized, and 2 components have been found in the urine of the same patient 
by workers using both moving boundary and filter paper electrophoresis,?® 4 
and as many as 3 to 5 components have been recognized by moving boundary 
electrophoresis.”° 

Starch gel electrophoresis has made it possible to demonstrate a greater de- 
gree of heterogeneity of some serum myeloma proteins and most Benece-Jones 
proteins than heretofore recognized. Since our preliminary report in 1957, 
which emphasized the heterogeneity of the Bence-Jones proteins, other workers 
using the same technique have made similar observations.” > Results of the 
present study are in agreement with observations on the heterogeneity of some 
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serum myeloma proteins reported by Flynn and Stow,?* Creyssel and Fine,** ** 
Owen, Got, and Silberman,”> and Fine, Creyssel, and Morel.?® 27 The multi- 
plicity of bands can be explained either on the basis of differences in degree of 
aggregation of identical or similar molecules or on the basis of differences in 
molecular species. Except in the case of macroglobulins, there is little evidence 
that serum myeloma or Bence-Jones proteins polymerize, and the most likely 
explanation for heterogeneity is the presence of different, possibly closely re- 
lated, molecular species. 

Since in the majority of cases of multiple myeloma each patient is known 
to produce at least 2 aberrant proteins, the myeloma protein which appears in 
the serum and the Bence-Jones protein which is exereted in the urine, the possi- 
bility must be considered that heterogeneity in the serum or urinary protein 
pattern of these patients is related to the occasional excretion of myeloma 
protein into the urine or retention of Bence-Jones protein in the serum as a 
result of kidney damage. While there is some evidence for occasional presence 
of myeloma proteins in the urine and for occasional Bence-Jones proteinemia 
of appreciable amount,***° in the great majority of cases heterogeneity cannot 
be explained by these mechanisms. 

We have seen several cases wherein filter paper electrophoresis suggested 
that the myeloma protein in addition to the Bence-Jones protein was being ex- 
ereted in the urine. In 2 of these patients on whom the studies were repeated 
in the starch gel, the mobilities were demonstrated to differ, and it is now 
believed that the 2 bands seen in the filter paper electrophoresis of the urine 
are both Bence-Jones protein. Flynn and Stow”? described a patient with - 
multiple myeloma and generalized proteinuria in whom all of the abnormal and 
normal serum components were also identified in the starch gel patterns of the 
urinary proteins. They imply that in this ease the abnormal bands in the 
urine are the myeloma proteins, rather than Bence-Jones, since the Bence-Jones 
heat test was negative. 

On the other hand, the electrophoretic patterns of serum and urine from 
Patients 22, 28, and 35, who did not have an appreciable glomerular leak of 
protein, suggest that the Bence-Jones protein may be retained in the blood in 
appreciable amounts. The urine was positive for Bence-Jones protein. How- 
ever, when the samples of serum and urine were run side by side in the same 
gel, minor differences in mobility "were noted between the serum and urinary 
components in the first 2 of these cases. In the third case, the serum protein 
was a pyroglobulin; i.e., it precipitated, and the serum gelled when heated at 
63° C. for 5 minutes. Isolation and characterization of the pyroglobulin from 
the serum demonstrated that it was a myeloma protein and not the Bence- 
Jones.*' Flynn and Stow** have also described one patient with Bence-Jones 
proteinuria who did not have an appreciable glomerular leak but who showed 
an abnormal electrophoretic band common to both serum and urine. 

The frequent demonstration of heterogeneity of serum myeloma protein in 
single serum samples as well as heterogeneity of Bence-Jones protein in single 
urine samples indicates that the protein abnormality is frequently more complex 
than previously recognized. This information in itself does not help to answer 
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the question whether the serum myeloma proteins are normal proteins present 
in unusually high concentration or are abnormal proteins. However, it does 
bring up the possibility that in some serum electrophoretic patterns the un- 
usual peaks are both normal and abnormal components comparable to the sit- 
uation in sickle trait wherein both sickle and normal hemoglobins appear in 
the same individual. Still another possibility that must be seriously considered 
is that more than one e¢ell line is involved in the malignant proliferation. The 
detailed evidence for and against the various theories has recently been re- 
viewed by Owen and Got.*? However, the answers to these problems must 
await more detailed information of protein structure, protein synthesis, and 
genetics. 

For routine diagnostic purposes, when only one method is used, the starch 
gel has no great advantage over filter paper electrophoresis. However, as a 
research tool in the study of multiple myeloma and related diseases, the former 
has some important advantages over the latter. The increased resolution points 
out previously unrecognized heterogeneity in some myeloma serum proteins 
and Bence-Jones proteins and results in more precise comparisons of relative 
electrophoretic mobility. Occasionally, discrete peaks not recognized by other 
methods are seen in the electrophoretic pattern of patients who do not appear 
to have multiple myeloma. The significance of this is not yet known. Other 
workers have reported similar observations.*® 2% *? The possibility that these 
discrete peaks represent manifestations of a somatic mutation should be con- 
sidered. 

Disadvantages of the method are the increased time, expense, and skill re- 
quired, and difficulties in standardizing the gel, in obtaining quantitative 
measurements of the amount of each fraction obtained, and in obtaining 
absolute mobilities. Macroglobulins of gamma mobility usually do not migrate 
into the gel and would be missed. However, the characteristic appearance of a 
macroglobulin upon filter paper or moving boundary electrophoresis and its 
absence in gel electrophoresis is strong evidence for macroglobulinemia.* ** 
Rarely, typical myeloma peaks in the serum and Bence-Jones peaks in the urine 
are not resolved by the gel, for reasons that are not yet known. 

We are indebted to Dr. Leonhard Korngold for performance of the Ouchterlony plate 
immunologic tests, to Dr. Mary L. Petermann for analysis of one of the sera in the ultra- 
centrifuge, and to Dr. Lila Wallis for analysis of a few of the sera by means of filter paper 
electrophoresis. We wish to acknowledge the technical help of Bernard Yudowitz, and to 
thank the following for permission to publish information concerning their patients: Drs. 
George Kauer, Lila Wallis, Leo Weiner, William Kammerer, Warren Nestler, William Geller, 
Clinton Weiman, Herbert Koteen, Robert Melchionna, Irwin Nydick, John LaDue, Morton 
Luger, David Roseman, Elliott Hochstein, and Franklin Ebaugh, Jr. 
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The effect of Polybrene on blood coagulation. In vitro 
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Since Polybrene, a new antiheparin agent, has itself been reported to be an anticoagu- 
lant, studies were carried out to determine its in vitro effect on the various stages of 
blood coagulation. In concentrations comparable to dosages administered clinically, 
Polybrene prolongs whole blood clotting, probably by interfering with the production 


of ‘‘thromboplastic’’ activity, thus hindering conversion of prothrombin to thrombin. 
The degree of Polybrene’s inhibition of coagulation is inversely related to the number 
of platelets present. In the thromboplastin generation test, its inhibition is also counter- 
acted by heparin and serum factors, particularly prothrombin, factor IX, and, to a 
lesser extent, platelet-like activity of serum, but not by a crude cephalin or by adsorbed 
plasma. Polybrene is fibrinoplastic in the thrombin-fibrinogen reaction, but does not 
itself precipitate fibrinogen from plasma. In relatively higher concentrations, it delays 
the one-stage prothrombin time determination and agglutinates erythrocytes. The clini- 


cal implications of these findings are discussed. 


2 1952, Preston! first reported the antiheparin action of Polybrene,t a 
quaternary ammonium salt having the empirical formula (C,,;H; oBr.N.)x. 
Since then several accounts of its clinical use in the neutralization of heparin 
have been published.*~* 

Preston also showed that, similar to protamine, Polybrene prolongs the 
clotting time of blood in vitro,> But, administered intravenously in doses of 
0.5 to 1.0 mg. per kilogram, had no effect on the clotting time in vivo. With 
considerably higher doses (7.5 to 10 mg. per kilogram), injected intravenously 
in dogs, prolongation of the clotting time of blood has been achieved.’ . 

The following studies were carried out to determine whether Polybrene 
might be similar to either protamine or heparin in its anticoagulant action. 
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Materials and methods 


Venous blood was obtained from normal young adults by a 2-syringe technique using 
siliconized syringes and 18 gauge needles. 

Whole blood clotting time. A modified 3-tube Lee-White method was used at 37° C. 
One milliliter of blood was put into each tube (10 by 75 mm.) with a glass bead at the 
bottom. The tubes were tilted every 30 seconds. The clotting time recorded was that of 
the third tube. 

Whole blood and plasma recalcification clotting times. The clotting time of 0.2 ml. of 
citrated or oxalated blood or plasma, to which was added 0.2 ml. of 0.02 M CaCl., was deter- 
mined at 37° C, 

Prothrombin time. This was determined by the method of Quick,§ using a liquid rabbit 
brain thromboplastin* and 0.02 M CaCl. 

Prothrombin consumption time, serum prothrombin time, and thrombin time. These 
were determined according to methods of Quick.s 

Thromboplastin generation test. Performance of this test was as previously described.9 
Unless otherwise indicated, ‘‘cephalin,’’ prepared according to the method of Bell and Alton,1° 
was used instead of platelets. 

Polybrene. Because of its hygroscopic properties, the Polybrene powder was stored in 
a desiccator over CaCl, pellets. All solutions were made in 0.85 per cent saline. 

Thrombin. Thrombin, topicalt (5,000 National Institutes of Health units per 5 ml.) 
was used. All dilutions were made in distilled water. 


Fibrinogen. Bovine fibrinogen,} fraction I from bovine plasma, was used. All solu- 
tions were made in phosphate buffer, pH 7.45. 


Table I. * Effeet of Polybrene on the whole blood clotting time (WBCT) and 
prothrombin consumption time (PCT) of whole blood. 











| 1 | 2 3 
Polybrene | WBCT | | WBCT WBCT 
(gammas in| (1.0 ml.) PCT | (1.0 ml.) PCT (1.0 ml.) PCT 
0.01 ml.) (minutes ) | (seconds ) (minutes ) (seconds ) (minutes) (seconds ) 
0 9 451% 7% 261% 10% 24% 
25 10% 31 7% 18 
50 12 27 13% 23 
55 12% 24 914 161% 
60 13% 25 11% 14 15% 2414 
65 16 13% 11% 14 
70 2314 13 12 13% 18 13 
75 33 13 12 11% 
80 19% 13% 
90 2514 13 





Results 


Whole blood clotting time and prothrombin consumption time (Table I). 
When whole blood was added to increments of Polybrene in glass tubes at 37° 
C., the clotting time was progressively prolonged. At the same time, pro- 
thrombin utilization was decreased. In some instances, as can be seen in Table 


*Permaplastin, C. W. Alban & Co., St. Louis, Mo. 
+Parke Davis & Co., Detroit, Mich. 
tArmour Laboratories, Division of Armour & Co., Kankakee, III. 
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I, lower doses of Polybrene lengthened the clotting time without appreciably 
affecting prothrombin consumption. Comparable results were obtained with 
the effect of Polybrene on the recalcification clotting time of citrated blood. 
It was also noted that with the higher dosages of Polybrene (80 and 90 gammas 
per milliliter), marked agglutination of erythrocytes occurred. In addition, 
erythrocyte sedimentation was enhanced in the presence of Polybrene and at 
doses lower than those causing erythrocyte agglutination. 

Plasma recalcification clotting fime. Increments of Polybrene also progres- 
sively prolonged the recalcification clotting time of plasma. Identical results 
were obtained whether the plasma was derived from oxalated or citrated blood. 
However, the degree of clot inhibition by Polybrene was found to be dependent 
upon the number of platelets in the plasma. In Fig. 1, one sees the difference 
between the effect of Polybrene on platelet-rich plasma and -poor plasma. The 
platelet-rich plasma, obtained by centrifuging blood at 800 r.p.m. for 5 minutes, 
contained about 400,000 platelets per cubie millimeter. The platelet-poor plasma 
was obtained from blood centrifuged at 3,000 r.p.m. for 10 minutes. The 
critical level of platelets, below which significant sensitivity to Polybrene could 
be demonstrated, was found to be about 100,000 per cubic millimeter. 
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Thromboplastin generation test. Polybrene, added to a thromboplastin gen- 
eration mixture, inhibits the formation of ‘‘thromboplastie’’ activity, or, if 
added to the mixture after the point at which optimum activity is reached, 
causes deterioration of activity. The effect of various concentrations of Poly- 
brene on the thromboplastin generation test is seen in Fig. 2. The degree of 
inhibition by Polybrene is reproducible, but varies among blood samples from 
different individuals, a fact similar to that found in inhibition by heparin." 
However, at least 1 gamma per milliliter of generation mixture must be present 
to produce significant inhibition of ‘‘thromboplastic’’ activity production. 

Inhibition of thromboplastin generation is not due to carry-over of Poly- 
brene from the generation mixture to the one-stage prothrombin time deter- 
mination phase of the procedure, inasmuch as the addition of amounts up to 
5 gammas to each substrate tube of a normal thromboplastin generation test in 
no way changed the eurve of activity production. 

The final degree of activity appears to be constant for a fixed amount of 
Polybrene regardless of at which stage of generation the Polybrene is added 
to the mixture. In Fig. 3 are the thromboplastin generation curves obtained 
when 3 gammas of Polybrene were added to the generation mixture before the 
onset of activity production, i.e., before calcification, during the lag phase of 
activity development, at the point of optimum activity, and after this point. 















140r 
120F 
A- 0.5 gamma 
O- 1.0 gamma 
@- 1!.5 gamma 
100F A- 2.0 gamma 
gs- 2.5 gamma 
O- 3.0 gamma 
80F CONTROL 
n” 
z 
© 60F 
oO 
WwW 
w 
40F 
20F 
1OF 
/O.0l mi. 
0.0! mi. j 1 '® st 1 
| 3 5 7 9 11 
MINUTES 


Fig. 2. The effect of Polybrene on the thromboplastin generation test. The Polybrene was 
added to the mixture prior to the addition of cephalin and calcium. 
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Fig. 3. The effect of adding a constant amount of Polybrene to a thromboplastin generation 
test at various stages of generation. 


As ean be seen, Polybrene either inhibits the production or, if already formed, 
causes partial deterioration of activity. In any event, a constant degree of 
activity finally is reached which is relative to the amount of Polybrene added. 

As with inhibition of thromboplastin generation by protamine’ as well as 
heparin,’* inereasing the concentration of the ‘‘cephalin’’ or of the adsorbed 
plasma had no effect on inhibition by Polybrene. However, if a platelet suspen- 
sion was substituted for the ‘‘cephalin,’’ twice as much Polybrene was neces- 
sary to bring about an equivalent degree of inhibition. This corresponds to the 
results obtained with the recalcification clotting time of platelet-poor and -rich 
plasma. Moreover, increase of the concentration of platelets in the mixture 
tended to overcome inhibition by Polybrene. 

In addition, as in the ease of heparin” or protamine,® inhibition of thrombo- 
plastin generation by Polybrene could be counteracted by increasing the con- 
centration of the serum component (using a serum dilution of 1:2 or less’ 
rather than 1:10). 

If normal serum were diluted 1:10 in BaSO,-adsorbed serum instead of 
saline, equivalent doses of Polybrene had less effect on thromboplastin genera- 
tion. This was not due to the presence of factor V (labile factor, proaccelerin). 
Aged adsorbed serum was as effective as fresh adsorbed serum, and neither one 
had any appreciable factor V activity as compared to fresh adsorbed plasma 
which does, and which, in increased concentrations, did not correct inhibition 
by Polybrene. 
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To determine whether the correction of inhibition with Polybrene by in- 
creased concentrations of serum were due to platelet-like activity of serum 
(PLAS),' the following procedure was carried out. 

Blood was secured with siliconized equipment and chilled in an ice bath. 
It was then spun in a refrigerated centrifuge at 4° C., first at 800 r.p.m. for 
5 minutes to obtain platelet-rich plasma and then at 3,000 r.p.m. for 15 min- 
utes to obtain platelet-poor plasma. The plasmas were transferred to glass tubes 
either empty or containing Permaplastin (0.1 ml. Permaplastin per milliliter of 
plasma) and placed in a 37° C. water bath for at least 2 hours. The sera ob- 
tained from these plasmas were used in the thromboplastin generation test and 
compared with serum obtained from whole blood clotted with and without 
Permaplastin (0.25 ml. per 5 ml. blood). Serum prothrombin times were deter- 
mined on all specimens prior to use. These are listed in Table II. 


Table II. Prothrombin time determinations on sera used in thromboplastin 
generation test to determine effect of PLAS on inhibition by Polybrene 








Derwwation of serum | Serum prothrombin time (seconds) 
Whole blood 25 
Whole blood + Permaplastin > 180 
Platelet-rich plasma 64 
Platelet-rich plasma + Permaplastin > 180 
Platelet-poor plasma 13 
Platelet-poor plasma + Permaplastin > 180 





All sera gave a normal curve of thromboplastin generation except for the 
one derived from platelet-poor plasma, in which case the lag phase was elimi- 
nated by the high concentration of serum prothrombin. With the 1:10 dilution 
of serum no significant difference was noted in the degree of inhibition by a 
fixed amount of Polybrene. However, in the mixture containing the serum from 
platelet-poor plasma, the rate of production of activity was faster. When the 
serum concentration was increased to full strength, although in all cases normal 
‘‘thromboplastic’’ activity was reached in the presence of Polybrene, the rate 
of generation varied. Listed in the order of decreasing rates they were as 
follows: serum derived from platelet-poor plasma; whole blood; platelet-rich 
plasma; platelet-rich plasma plus Permaplastin; whole blood plus Permaplastin; 
and platelet-poor plasma plus Permaplastin. It can be seen that the greater 
the potential of thrombin generation in the mixture, the less the Polybrene 
inhibits the production of ‘‘thromboplastic’’ activity. When the prothrombin 
content of the serum is eliminated, it would appear that the PLAS does play 
a role in counteracting inhibition of activity by Polybrene in the thromboplastin 
veneration test. 

As also was found with protamine,’ the extent of inhibition of the thrombo- 
plastin generation test by Polybrene varied inversely with the degree of factor 
IX activity (plasma thromboplastin component, Christmas factor). The ab- 
normality of the thromboplastin generation test on an individual with a con- 
genital factor IX deficiency was increased by the addition of Polybrene to the 
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mixture. If a small amount of normal serum was added to the factor IX de- 
ficient serum (1:4), the abnormal thromboplastin generation test was corrected, 
and this mixture was less sensitive to Polybrene inhibition. If the concentration 
of factor LX deficient serum alone was increased to full strength, the degree of 
inhibition by Polybrene was the same as for the 1:10 dilution of factor LX de- 
ficient serum corrected by normal serum. Part of this decreased resistance to 
inhibition of Polybrene by the full strength serum could be due to the higher 
prothrombin content of the serum, ergo, to increased thrombin generation. 
The inhibition of the thromboplastin generation test by Polybrene could also 
be counteracted with heparin. When the two were combined before addition 
toa generation mixture the ratio of ‘‘neutralization’’ was 1:1. If the Polybrene 
was added to the mixture first and the heparin immediately thereafter, half as 
much heparin was required to yield or restore normal ‘‘thromboplastic’’ ac- 
tivity. This change in the correction ratio is the same as that reported for 
heparin correction of inhibition by protamine® and for protamine correction of 
inhibition by heparin.’** The theory previously offered for the change in the 
correction ratios, namely, that of 2 different reactive sites, appears to be in- 
valid, since in the case of Polybrene its reacting sites are of only one type. 


Table III. Effect of Polybrene on the one-stage prothrombin time of oxalated 
plasma 








Polybrene (gammas) | Prothrombin time (seconds) 
0 12.2 
2.5 22| 
5 12.5 Solid clots 
10 13.7 J 
25 17 
50 20 
18 23 
100 25 Stringy clots 
150 27 
200 o7 | 





One-stage prothrombin time. Increments of Polybrene added to the plasma 
in the one-stage prothrombin time determination brought about prolongation of 
the clotting time as well as a decrease in the quality of the fibrin clot formed 
(Table III). No difference in the results was observed if plasma from oxalated 
or citrated blood was used, or if the Polybrene was incubated for periods of 
time with either the plasma or the thromboplastin. Increasing the concentra- 
tion of Polybrene to as high as 4,000 gammas per milliliter of plasma did not 
decrease the prothrombin time to a lower level than that of 20 per cent activity. 
Polybrene, in higher concentrations, similarly inhibited the one-stage prothrom- 
bin time determination when ‘‘blood thromboplastin’’ 
tissue thromboplastin. 

Thrombin clotting time of plasma and fibrinogen. As opposed to the in- 
hibition of the tests of the first and second stages of blood coagulation, Polybrene 


was used in place of 
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enhanced the thrombin clotting of both plasma 


of fibrinogen (Table V). 


In contrast to the effect of protamine on the thrombin-fibrinogen system,” 
high concentrations of Polybrene accelerate the reaction as much as lower con- 
centrations. When added to plasma, no appreciable precipitation of fibrinogen 
could be determined. However, when added to a solution of fibrinogen, inere- 
ments of Polybrene produced an increasing amount of precipitate. The removal 
of this precipitate did not alter the coagulability of the substrate by thrombin. 
The precipitate was soluble in 3 per cent saline and the solution could be clotted 
with thrombin, the amount of clot being relative to the volume of the original 


precipitate. 


Table IV. Effect of Polybrene on thrombin clotting time of oxalated plasma 


(Table 


iV) 
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Polybrene (gammas in 0.01 ml.) 
added to 0.2 ml.’ plasma 


Thrombin 0.1 ml. (seconds) 





10 

25 

50 

100 

200 

400 (0.02 ml.) 
800 (0.04 ml.) 
2,000 (0.1 ml.) 
Saline 0.1 ml. 





*No visible precipitation of fibrinogen occurred in any of the tubes. 


Table V. Effect of Polybrene on the thrombin clotting time of fibrinogen 





Polybrene (gammas in 0.01 ml.) 
added to 0.2 ml. fibrinogen 


Thrombin 0.1 ml. (seconds) 





0 


95 


2.0 
5 
10 
25 
50 
75 
100 
150 
200 


(9)* 
(7) 


6 (6) 


aan 


o 


(5) 
(5) 
(5) 
(5) 
(5) 
(5) 
(5) 





*The figures in parentheses represent the clotting time of the supernatant after removal 


of the precipitated fibrinogen by centrifugation. 


Discussion 


In the present study, Polybrene was indeed found to delay whole blood 


clotting in vitro and in doses similar to those found for dog blood.® 


taneously, it was noted that decreased prothrombin consumption occurred in 





Simul- 
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bloods in which clotting was retarded with Polybrene. This was corroborated by 
the finding that Polybrene inhibited the production of optimum clot-promoting 
activity in the thromboplastin generation test. It was also discovered that the 
number of platelets present influenced the degree of retardation by Polybrene 
of the clotting of recalcified plasma as well as the generation of ‘‘thrombo- 
plastin.’’ Inhibition of the thromboplasti: veneration test by Polybrene did 
not seem to be due to interference with facivr V, factor VIII, or platelet factor 
3 activity. Increasing the concentration of these factors in the generation mix- 
ture did not affect inhibition by Polybrene as did an increased concentration 
of platelet material. An inereased concentration of the serum component in the 
thromboplastin generation test mixture also counteracted the inhibition of ac- 
tivity. This would appear to be due to various factors present in serum, 
namely, prothrombin, factor IX, and PLAS. In addition, one must consider 
the possible influence of complexes formed between Polybrene and various 
serum proteins not concerned in the coagulation mechanism. 

Polybrene also prolonged the conversion of prothrombin by tissue thrombo- 
plastin. However, much larger concentrations of Polybrene were required than 
those needed to interfere with tests concerning the first stage of coagulation. 
No appreciable difference was found if Polybrene was incubated with the plasma 
or the thromboplastin before performance of the test. 

In contrast to its inhibitory action in the preceding tests, Polybrene ac- 
celerated the conversion of fibrinogen to fibrin by thrombin. Polybrene did 
precipitate some of the partially purified fibrinogen, but not enough to interfere 
with the thrombin-fibrinogen reaction. It did not, however, precipitate any 
appreciable amount of fibrinogen from plasma. 

Protamine, too, has been shown to retard blood coagulation in vitro,'®?° 
to be inhibitory in the thromboplastin generation test,?! particularly by inter- 
fering with factor IX activity,’ to impede prothrombin conversion by both 
tissue thromboplastin'> '* 7+ 22 and ‘‘blood thromboplastin,’’?* to be fibrino- 
plastic in the thrombin-fibrinogen reaction,’ '* 7° and to cause agglutination of 
erythrocytes.'® ** Inhibition by protamine in the thromboplastin generation 
test can also be counteracted by heparin.’ 

In contrast to Polybrene, protamine effectively precipitates fibrinogen,'* ?* 75 
and has the same influence on the thromboplastin generation test whether 
platelet suspension or ‘‘cephalin’’ is used in the mixture.® 

Unlike heparin, Polybrene is not antithrombic. It is of interest, however, 
that as with heparin,”® ?? thrombocytopenic blood or plasma is more sensitive 
to the anticoagulant action of Polybrene. Whether the antiheparin fraction of © 
platelets (platelet factor 4),?*-°* is also anti-Polybrene remains for further in- 
vestigation. Polybrene, as does heparin, has an antagonism toward factor IX 
activity’ ** 34 and the PLAS.** 

No reports of the effect of Polybrene on thrombocytopenic blood in vivo 
have been published. However, a lowering of the platelet count has been ob- 
served in individuals who received an intravenous injection of Polybrene.® 
Sinee, during the use of extracorporeal blood oxygenators, a decrease in plate- 
lets is uften observed,** one wonders whether Polybrene might adversely affect 
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reconstitution of the coagulability of heparinized blood in such eases. In re- 


porting the use of their own blood oxygenator, Panico and Neptune*® stated, 


‘‘After the catheters are removed, the patient receives adequate Polybrene and 
two units of platelets intravenously to enhance rapid blood coagulation.’’* 


Therefore, although the concentrations of Polybrene required to influence 


normal blood coagulation in vitro are somewhat higher than those usually recom- 
mended in its clinieal use as an antiheparin,® its margin of safety as far as 
overdosage is concerned may be much less than that of protamine if the platelet 
count is lowered. 


We have shown that Polybrene affects blood coagulation in various ways. 


Ilow it affects it is difficult to explain. Polybrene is a polyelectrolyte, as are 
heparin and protamine. As such, it may act by either emulsification or neu- 
tralization of molecules. <A clearer understanding of exactly how these sub- 
stances exert their action on blood may be the elue to the mechanism of blood 
coagulation itself. 


The authors wish to express their appreciation to Dr. Norman C. Wheeler, Abbott 


Laboratories, for the supply of Polybrene powder used in this study. 
ppt ‘ I ‘ 
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Impairment of hemostasis in the urinary tract: 


The role of urokinase 


GEORGE P. McNICOL, M.B., M.R.C.P.E.,* ANTHONY P. FLETCHER, 
M.D., NORMA ALKJAERSIG, M.S., and SOL SHERRY, M.D. 
St. Louis, Mo. 


Urokinase, an activator of the plasminogen-plasmin system, is normally present in urine, 
and confers wpon it the ability to lyse fibrin clots. Though the source of wrokinase is 
still an unsettled question, it has been suggested that urokinase may play a role in main- 
taining the patency of the urinary tract by lysing fibrinous deposits. Since such an action 
might also serve to impair hemostasis in the urinary tract, an investigation was under- 
taken.of the effect of inhibiting urinary urokinase activity on the duration and extent 
of the bleeding observed following prostatectomy. Such a study was made possible by 
the availability of e-aminocaproic acid, a potent inhibitor of urokinase activity, which, 
when administered intravenously in appropriate dosage, was promptly excreted into the 
urine in concentrations sufficient to inhibit urokinase activity. It was found that, in 
association with the inhibition of urokinase activity by this acid, there was a significant 
(fourfold) reduction in blood loss in e-aminocaproic acid treated patients as compared 
to the reduction obtained with control subjects. Levels of this acid in the urine were 
measured, and the excretion rates and relationship between its concentration and uro- 
kinase inhibition are discussed. The experimental results provide evidence to support 
the concept that urokinase can impair hemostasis in the urinary tract and that its in- 


hibition may be attended with improved hemostasis. 


I, has been known for many years that urine can digest impure fibrin 


clots,! an effect now attributed to the presence in urine of a plasminogen ac- 





tivator named urokinase.2* Plasminogen, a plasma globulin which oceurs 
naturally in close association with fibrin, is converted by urokinase to plasmin, 
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a proteolytic enzyme: clot lysis ensues. Other activators of the plasminogen- 
plasmin system include plasma activator, tissue activators, and bacterial ac- 
tivators, e.g., streptokinase. 

Urokinase, itself a proteolytic enzyme, activates plasminogen by first order 
kineties, probably by splitting arginine and/or lysine bonds.* * It is a colorless 
protein with a high degree of stability over a wide pH range.’ 

Smyrniotis and associates® have shown that urokinase excretion rates in 
normal human subjects are independent of age, sex, and urine volume, and 
Bjerrehuus® observed that urokinase concentrations were similar in bladder urine 
and urine obtained from the renal pelvis. The work of von Kaulla and Swann," 
and of Smyrniotis and associates* suggests that urokinase may represent, at 
least in part, excreted plasma plasminogen activator. The current state of 
knowledge, relative to urokinase, has been the subject of a recent review article.” 

The experiments described in the present communication were designed to 
study the possibility that urokinase, by activating clot plasminogen, might re- 
sult in impairment of hemostasis in the human urinary tract. 

The problem was approached by the use of e-aminocaproic acid (EACA), 
a synthetic aminocaproie acid, which has been shown,'* ** at concentrations as 
low as 10°* molar, to be a potent competitive inhibitor of plasminogen activation 
by urokinase and streptokinase. EACA was originally thought to act as a 
plasmin inhibitor,'* and, though in high concentrations, e.g., 10° molar or above, 
it does inhibit plasmin. to some extent, in lower concentrations its action is 
primarily that of an activator inhibitor. Sherry and co-workers’’ demonstrated 
in man that the intravenous infusion of EACA inhibited the plasma plasmino- 
gen activator induced by the systemic administration of streptokinase, bacterial 
pyrogen, and nicotinie acid. 

The clinical investigative model used in the present work was the patient 
after transurethral prostatectomy. Such patients are excellent for study be- 
‘ause of the relative uniformity of the surgical trauma and the ease of obtaining 
complete urine collections. 

After prostatectomy, urine containing urokinase flows over the clot in the 
raw prostatic bed: it is postulated that clot plasminogen is activated to plasmin 
and clot lysis and impaired hemostasis ensue. Were such a mechanism operative, 
the administration of EACA to patients after prostatectomy, in sufficient quan- 
tity to inhibit markedly urinary urokinase activity, should be accompanied by 
reduced blood loss, thus providing support for the concept that urokinase may, 
in some circumstances, cause impairment of hemostasis in the urinary tract. 
The experimental results to be reported were entirely consistent with the 
hypothesis cited; the administration of EACA resulted in a significant (four- 
fold) reduction in blood loss as compared to results obtained in the control 
group. 

A small group of patients was also studied after suprapubic prostatectomy, 
and advantage was taken of the administration of EACA to study its me- 
tabolism and to relate changes in urokinase activity to EACA levels. 
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Materials and methods 


Urinary blood content. This was measured as hemoglobin by a modified cyanmethemo- 
globin method. To 9 ml. of urine was added 1 ml. concentrated Drabkin’s solution.* The 
specimen was centrifuged at 3,000 r.p.m. for 10 minutes; if a deposit of unhemolysed red 
cells was present, it was dissolved in 0.2 ml. of 30 per cent urea and added to the supernatant. 
Optical density was read at 540 my in a Beckman DU spectrophotometer,t using 9 ml. pooled 
normal urine with 1 ml. Drabkin’s solution as a blank. Urine samples were diluted with 
water as necessary to keep optical density readings below 0.900. Hemoglobin content in 
grams was obtained by reference to a standard curve. The method is sensitive and repro- 
ducible; the lower limit of detection of hemoglobin is about 0.03 mg. per milliliter (equiva- 
lent to 0.2 ml. of normal blood per liter of urine). EACA added to urine in concentrations 
up to 10-? molar did not affect optical density readings in the hemoglobin assay. 

Urinary urokinase assays. The assays were performed by the method of Smyrniotis and 
associates,’ utilizing the unheated fibrin plate technique of Mullertz.16 Plates were prepared 
as described by Alkjaersig and associates.12 With this method, assay of the reference uro- 
kinase solution used throughout the study resulted in a standard deviation of approximately 
11 per cent. Results are expressed in units which are closely comparable with those of 
Smyrniotis and co-workers,§ and are about one-eighth the potency of the Ploug unit.7 

In order to study the effects of EACA on urokinase excretion rates, as well as the 
inhibitory action on urokinase activity, urine specimens were assayed both before and after 
dialysis. Dialysis was carried out for 8 hours at 4° C. against a large volume of constantly 
stirred 0.01 molar phosphate buffer, pH 7.6, and always was associated with loss of urokinase 
activity (mean of 35 per cent throughout the investigation). This loss of activity was also 
seen when the standard urokinase was dialysed. The loss of activity may be due to copre- 
cipitation of urokinase with mucoprotein: a contributing factor is the slight increase in 
volume (about 5 per cent), which usually was associated with dialysis. 

Hemoglobin or aged whole blood did not affect the urokinase assay; standard urokinase 
diluted with saline, when compared with standard urokinase diluted with the same volume 
of bank blood, gave identical results. It is possible that fresh blood containing high levels 
of plasma activator, if mixed with urine, could result in higher levels of urinary activity, 
but on a quantitative basis (see below), this factor would seem to have been of negligible 
importance in the present investigation. 

Urinary EACA estimations. These were carried out by high voltage paper electrophoresis, 
using a slightly modified version of the technique described by Sjoerdsma and Hanson.17 
An E-C horizontal high voltage apparatus{ was used, with Schleicher and Schuell paper 
No. 598. Samples were run for one hour at 1,000 v. After staining by the ninhydrin-copper 
method, EACA bands, located by reference to a standard run with each assay, were eluted 
and read at 508 my in a Beckman DU spectrophotometer. The molar extinction coefficient 
of EACA, treated in this manner, was 0.35. 

Euglobulin lysis times. These were expressed in units of fibrinolytic activity.18 

Transurethral prostatectomy patients. Twenty-seven patients, whose ages ranged from 
41 to 79 years (mean, 68 years), were studied. Twelve patients, selected at random, were 
treated with EACA; 15 were control subjects. The EACA-treated and the control series were 
comparable with regard to preoperative hemoglobin levels (mean, 13.3 + 1.9 Gm. and 13.5 + 
1.8 Gm., respectively), and preoperative blood urea nitrogen levels (17.8 + 4.6 mg. per 100 
ml, and 19.4 + 6.7 mg. per 100 ml., respectively). 

Transurethral electro-resections (McCarthy resectoscope) were carried out by the Uro- 
logical Service. In all patients, bladder washouts were free from macroscopic blood before 
the patients left the operating room, and it should be emphasized that only bleeding which 
began postoperatively was studied. EACA infusions (see below) were commenced within 
10 minutes of the end of operation. In the EACA-treated group, histologic examination of 
*Reagent obtained from Fisher Scientific Co., Pittsburgh, Pa. 

*Beckman Instruments, Inc., Palo Alto, Calif. 
tE-C Apparatus Co., Swarthmore, Pa. 
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the resected tissue showed 7 cases with benign nodular hyperplasia, one (5 Gm. of tissue 
resected) with fibrosis only, one with fibrosis and chronic inflammation, one with leukemic 
infiltration, and one with well-differentiated adenocarcinoma of the prostate. In the control 
group, 12 had benign nodular hyperplasia and fibrosis, and 2 had well-differentiated adeno- 
carcinoma of the prostate. Mean weight of tissue resected was, in the treated group, 14.6 + 
9.2 Gm., and in the control group, 15.4 + 7.4 Gm. : 

Suprapubic prostatectomy series. Fifteen patients, whose ages ranged from 57 to 82 
years (mean, 71 years), were studied. Seven patients selected at random were treated with 
EACA, and 8 were control subjects. Mean preoperative hemoglobin levels were 14.6 + 2.6 
Gm. per 100 ml. for the EACA-treated patients, and 14.6 + 2.2 Gm. per 100 ml. for the con- 
trol subjects. Mean blood urea nitrogen levels were 18.0 + 10.7 mg. per 100 ml. for the 
EACA-treated patients, and 16.8 + 2.2 mg. per 100 ml. for the control group. Histologic 
examination of the resected tissue showed benign nodular hyperplasia in each case. No 
evidence of carcinoma was found in any specimen. Mean weight of tissue removed was 
48.2 + 38.3 Gm. in the EACA-treated group and 72.0 + 40.4 Gm. in the control group. This 
difference in the amount of tissue removed, inevitable in a small series selected at random, 
was not significant (p > 0.2). 

BLOOD LOSS AFTER OPERATION.* This was measured by collection of all drainage (per 
urethram and suprapubic) and by elution of dressings. 

EPSILON AMINOCAPROIC ACID.{ EACA was obtained as a sterile 10 per cent aqueous solu- 
tion. In all patients, the EACA was administered intravenously at a rate of 1 Gm. per hour 
for 4 hours, then at 0.5 Gm. per hour for 8 hours (total dose, 8 Gm.). In 7 patients, the 
EACA was added to the routine postoperative intravenous infusion (usually about 1,500 ml. 
over the 12 hour period) and in 5 patients the EACA was administered using a constant rate 
infusion pump.} 
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Fig. 1. Data on urokinase excretion in the control and EACA-treated groups. Assays were 
conducted after dialysis of urinary specimens (see Methods). The results indicate that EACA 
administration does not alter urokinase excretion rates. 


Results 

Transurethral prostatectomy series. 

UROKINASE ACTIVITY. This activity was followed for 5 days after operation. 
Assays also were made before operation, and each sample was assayed after 
dialysis to permit comparison of true urokinase excretion rates between treated 
and eontrol groups. 


*Intravascular hemolysis as a cause for hemoglobinuria was excluded by inspection of 
postoperative plasma specimens. 

7Kindly supplied by Dr. Gilbert Bayne of Merck Sharp & Dohme Research Laboratories, 
West Point, Pa. 


tHarvard Apparatus Co., Dover, Mass. 
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Fig. 1 demonstrates that EACA administration did not alter true urokinase 
exeretion rates as urokinase assays on dialysed specimens from the 2 subject 
groups did not differ significantly (p > 0.1). Similarly, it is apparent that in 
neither group did urokinase excretion alter as a result of the operative pro- 
cedure. 

Fig. 2 illustrates urokinase assays performed on undialysed urine specimens 
obtained from the two subject groups. It will be seen that, in the control sub- 
jects, urokinase activity continued unchanged following operation. In contrast, 
in the EAC A-treated group, assayable urokinase activity, which was similar 
preoperatively to that of the control group (p > 0.1), was zero on the first 
postoperative day, and a mean of 28 per cent of preoperative levels on the 
second day (p < 0.01). Even by the third day, activity in the EACA-treated 
group had not fully returned to preoperative levels though the depression is not 
significant at the 5 per cent level. 
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Fig. 2. Effect of EACA treatment on average daily assayable urokinase in control and 
treated groups. EACA administration caused profound inhibition of assayable urokinase 
activity, though, as shown in Fig. 1, it did not alter urokinase excretion. 


The data displayed in Figs. 1 and 2 indicate that the effect of EACA ad- 
ministration was to inhibit the biochemical action of urokinase as a plasminogen 
activator. There was no evidence to suggest that EACA administration either 
altered urokinase excretion or destroyed the material. 

BLOOD Loss. The blood loss was studied for 5 days following operation (in 
one treated patient and 2 control subjects, for 4 days only). As shown in Fig. 
3, blood loss of the EAC A-treated patients was strikingly reduced as compared 
to that of the control group. As might be expected, the difference was most 
marked on the first postoperative day, when there was a fourfold reduction in 
blood loss in the EACA-treated patients, as compared with that in the control 
group. The range of blood loss over the 5 day period in the EACA-treated 
group was from 0.5 to 5.2 Gm. hemoglobin; in the control group, from 2.5 to 
45.6 Gm. hemoglobin, 
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DAYS AFTER PROSTATECTOMY 


Fig. 3. Daily and total (5 day pericd) blood loss after transurethral prostatectomy. The 
mean results for 12 patients treated with EACA are compared with the results obtained in 
15 control subjects. EACA treatment caused a marked reduction in postoperative hematuria, 
particularly on the first and second postoperative days. 
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Fig. 4. Effect of EACA administration on the duration of urinary bleeding following trans 
urethral prostatectomy. Shown are the percentage of patients in the control and treated 
groups with blood in the urine on successive days after surgery. Significantly fewer specimens 
contained blood in the treated group than in the control. 








40 McNicol et al. J. Lab. & Glia. Mad. 








o) 
~ 
ra) x= €ACA Treated 
og Patients 
E @* Control Patients 
& 25-4 
72) 45.58 t e 
: ; 
z 20-4 
8 
a 
§ 15-4 
re 
+ 
* 2 
& 10-4 e 
z oe 
c = e 
> 54 x i» 
x o 

al x x 
2 ¥ x ° x 
e fe) : 2 . x 

' T T T T T 

5 10 15 20 25 30 


WEIGHT OF TISSUE RESECTED (Gm.) 


Fig. 5, Lack of relationship between total urinary hemoglobin loss (5 day period) and weight 
of prostatic tissue resected. The effect of EACA treatment can be seen in the much smaller 


rauge of blood loss in the treated patients as compared with results obtained in the control 
subjects. 


Table I. Effect of EACA on urinary blood loss in patients after suprapubic 
prostatectomy (mean values and standard deviations are shown) 





Total loss 


Hemoglobin loss following surgery (Gm. per day) | (5 day period) 








Sub jects 1 2 3 4 | 5 Gm. hemoglobin 
7 EACA-treated 
patients 14.7119 50+2.3 3.09 +1.6 2.4+1.4 14+ 0.6 26.9 + 14.9 
8 control sub- 
jects 41.3¢+378 89269 3521.7 2.4113 1.3+0.9 57.5 + 33.3 
p values < 0.05 < 0.1 < 0.05 





The duration of bleeding in the EACA-treated patients was also reduced, 
as is shown in Fig. 4, which is a comparison of the percentage of patients ob- 
served for the full 5 day period (in both treated and control groups) who had 
measurable blood loss on successive postoperative days. For the 11 EACA- 
treated patients followed for the full 5 day period, there was blood in 33 daily 
samples, but no bleeding was detected in 22 samples; for the 13 control subjects, 
there was blood in 54 samples, and only in 11 was no blood detected. The dif- 
ference between the two groups was significant (x? = 7.957, p < 0.02). 

As was anticipated, no correlation was observed between preoperative uro- 
kinase levels and blood loss following surgery. Nor, as shown in Fig. 5, did a 
significant relationship exist, in this series, between postoperative bleeding and 
the amount of prostatie tissue resected. 

Suprapubic prostatectomy series. Blood loss for the EACA-treated and the 
control patients is described in Table I. While the changes were somewhat less 
striking than those observed in the transurethral series, a threefold reduction 
of postoperative hematuria was recorded on the first day of treatment (p < 
0.05). 
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URINARY EACA ESTIMATIONS. These were carried out on samples from 7 pa- 
tients for 4 days after operation. Results are shown in Table II, which records 
the mean daily EACA concentration, the total daily excretion of EACA, the 
per cent of the administered dose eliminated on each day, and the per cent of 
the urokinase activity inhibited. It will be noted that approximately 60 per 
cent of the administered dose was eliminated during the first day; this resulted 
in urinary EACA concentrations of above 10°? molar and complete inhibition 
of urokinase activity. In 4 patients the urinary EACA excretion was measured 
for the 12 hour infusion period and for the succeeding 12 hour postinfusion 
period. A mean value of 38.2 + 6.8 per cent (3.1 + 0.5 Gm.) of the administered 
dose was excreted during the infusion period, and a mean value of 18.8 + 1.2 
per cent (1.5 + 0.1 Gm.) of the dose was excreted in the next 12 hours. During 
the second day, approximately 20 per cent of the administered dose was found 
in the urine; the urine concentrations were in the range of 6 x 10° molar and 
approximately 60 per cent of the urokinase activity was inhibited. By the third 
day, EACA was detected only in the urine from 2 subjects, in concentrations of 
1.4 x 10°* molar and 7.8 x 10-* molar, respectively. In these 2 patients, there 
was a 16 and 13 per cent inhibition of urokinase activity. For the 7 patients, 
a mean value of 82.9 per cent of the EACA dose was recovered over the 4 day 
period of observation. 

Euglobulin lysis times. In view of a possible increase in plasma fibrinolytic 
activity after prostatectomy, and the systemic fibrinolytic state that may com- 
plicate carcinoma of the prostate,'® euglobulin lysis times were estimated pre- 
operatively for the 3 patients with prostatic carcinoma, the patient with leukemic 
infiltration of the prostate, and 3 other patients. In each ease, activity was 
less than 0.1 unit (within normal limits). In 5 control patients euglobulin lysis 
times were estimated with samples withdrawn 4 hours after the patients had 
entered the recovery room (usually about 10 minutes after the end of opera- 
tion). The values were all less than 0.1 unit. 


Table II. Daily urinary EACA excretion following administration of 8 Gm. 


EACA in 12 hour infusion to 7 patients following suprapubic prostatectomy 
(mean value and standard deviations are shown) 











Day 
Observation : 
| 1 | 2 | 3 4 

SACA excreted 

(Gm./day) 4.8+ 1.3 17+ 0.98 0.1+0.2 Nil 
% of administered 

dose excreted 60.1 + 16.0 21.3 + 12.2 1.4 + 3.0 Nil 
Urinary EACA con- 

centration (mo- 

larity ) 24+ 1.8.x 10-2 64+ 3.8 x10-3 3.6 + 5.6 x 10-4 Nil 
% urokinase activity 

inhibited* 100 62.5+ 5.0 8.0+7.8 Nil 





*Calculated on the basis of the predicted urokinase activity from preoperative observations. 
Levels of inhibition were similar when calculated from activity seen in dialysed speci- 
mens. 
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WHOLE BLOOD CLOTTING TIMES (LEE-WHITE). These were estimated in 4 
KACA-treated patients in samples withdrawn the day before and 4 hours after 
operation. Normal values were obtained in all eases. 

In view of the marked reduction in blood loss in EAC A-treated patients as 
compared to that observed in control subjects, EACA was given to 4 patients 
not ineluded in the controlled trial, in whom postoperative hematuria was a 
eause for concern. All patients showed an apparent response to therapy, but, 
beeause of the variable natural history of the disorder, the case history of only 
one is cited below. 

Bleeding during suprapubic prostatectomy in an 80-year-old man was troublesome and 
persisted until EACA treatment was given 27 days later. In the 24 hours before EACA 
therapy, blood loss in the urine was estimated at 55.8 Gm. Eight grams of EACA was in- 
fused intravenously over 12 hours and 2 Gm. EACA was run into the bladder with a catheter. 
In the 24 hours during and following EACA infusion, blood loss was estimated at 0.3 Gm. 
Seven days later bleeding recurred, but was again promptly controlled with an EACA in- 
fusion. The striking response to EACA administration is displayed graphically in Fig. 6. 

Toxicity. No evidence of thrombophlebitis was found following EACA in- 
fusion and there were no significant changes in body temperature, pulse rate, 
or blood pressure. 

Brief case reports are given of 2 patients who presumably had vascular 
occlusion following EACA administration, though the occurrence of this accident 
in both instances was probably coincidental. 

CASE,1. This patient was a 64-year-old man with a 17 year history of Parkinsonism and 
hypertension. There was a history of cerebral vascular occlusion 10 years previously. EACA 
was infused for 12 hours postoperatively. Three hours after the end of the EACA infusion 
the patient was found to be unresponsive and cyanotic. Consciousness returned in an hour 


or two when the patient had a left hemiparesis which persisted for several days. In a week, 
motor power was equal on both sides. 
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DAYS OF OBSERVATION 


Fig. 6. The effect of EACA administration on the urinary hemoglobin loss in a patient with 
severe and protracted hematuria following surgery for prostatic adenocarcinoma. Prostatec- 
tomy was performed 27 days before EACA was first given. 
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CASE 2. A 74-year-old man, with a long history of ischemic heart disease and iatrogenic 
hypothyroidism, was in congestive heart failure at the time of surgery. EACA treatment was 
given for 12 hours postoperatively. His cardiovascular status improved somewhat during the 
postoperative period but, 10 days after operation and EACA treatment, he was found dead. 


Death was presumed to be due to vascular occlusion, cerebral, pulmonary, or coronary; no 
autopsy was performed. 


Discussion 


The presence in normal urine of substantial quantities of a plasminogen 
activator, urokinase, has posed problems concerning its source and possible 
physiologic role. Two views have been expressed: (1) urokinase represents an 
excretory product which reflects the dynamic state of the fibrinolytic enzyme 
system in vivo; and (2) urokinase is a secretory product of the renal epithelium, 
concerned primarily with maintaining the patency of the urinary tract by virtue 
of its ability to mediate the lysis of fibrin deposits. Some evidence exists to 
support both views, and it is not unlikely that the urokinase activity of the urine 
actually may represent the combined activity of several plasminogen activators 
derived from different sources.'! Regardless of these differing views, the pres- 
ence of urokinase in urine makes available an enzymatic mechanism for the lysis 
of fibrin deposits and blood clots in the urinary tract. It is recognized now that, 
under biological conditions, significant amounts of plasminogen, the precursor 
of the fibrinolytic enzyme, plasmin, are incorporated into the clot or fibrin de- 
posit during its formation; the thrombi thus formed are endowed with an in- 
trinsie enzyme system which, upon activation, results in the lysis of fibrin.?° 
Under these circumstances, only the presence of a plasminogen activator in the 
surrounding fluid is required to mediate thrombolysis; indeed, there is evidence 
to suggest that activation of this intrinsic enzyme system of clots represents the 
major mechanism for thrombolysis under physiologic cireumstances.”* 

The present study was undertaken to determine whether the presence of 
urokinase activity in the urine could contribute to the impaired hemostasis fre- 
quently observed in the urinary tract following ulcerating or traumatic lesions. 
Urine normally contains a thromboplastic material which, presumably, con- 
tributes to hemostasis in the urinary tract®*; assays for this component were not 
performed because of the trauma of operation and the subsequent hematuria. 
The ability of the urine to lyse fresh fibrin deposits in the presence of operative 
trauma could play a significant role in maintaining continued bleeding, for it 
is well recognized that protracted hematuria, sometimes of a severe nature, may 
follow traumatic insults to the urinary tract. The availability of patients under- 
going transurethral resection and suprapubic prostatectomy readily fulfilled the 
needs for clinical investigative models. The removal of prostatic tissue, which 
contains large amounts of a tissue plasminogen activator,?* might, theoretically, 
remove a source of part of the urokinase activity, but, in view of the similarity 
of the assay values in control subjects in both the pre- and postoperative periods, 
such a contribution can only be considered as minimal. Furthermore, it is 
known that male and female’ urokinase output is approximately equal. It was 
feasible to study the problem only by inhibition of urokinase activity, though 
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it would have been desirable to study also the effects of increased amounts of 
urokinase on hemostasis in the urinary tract. Inhibition of urokinase activity 
could readily be achieved by the systemie administration of EACA, since this 
powerful competitive inhibitor to plasminogen activation is poorly metabolized 
in vivo and rapidly exereted into the urine; in the rabbit this epsilon amino acid 
ean be recovered virtually completely in the urine following its oral or systemic 
administration.** 

In approaching the problem of EACA dosage and administration, two con- 
siderations seemed important: (1) to achieve a urinary EACA concentration 
sufficiently high to inhibit significantly urokinase activity; and (2) to sustain 
such coneentrations for sufficiently long periods of time. From preliminary 
in vitro data, at the levels of urokinase activity present in normal urine, we 
could anticipate extensive inhibition with urinary EACA concentrations of 
10°° molar or above and moderate-to-extensive inhibition in the range of 10-* to 
10°° molar. On the basis of preliminary data,’® an 8 Gm. dose was infused intra- 
venously over a 12 hour period. It was anticipated that, during this prolonged 
infusion, sufficiently large amounts of the amino acid would be excreted to 
achieve our initial objective, and, in addition, equilibration with the extra- 
vascular compartment would occur, followed by the slow elimination of the 
body pool of EACA in sufficient concentration to achieve a sustained inhibitory 
effect. 

The data reveal that our objectives were achieved, though it is also likely 
that similar or even more desirable concentrations of urinary EACA could have 
been obtained by other modes of administration or different dosage schedules. 
The exeretion rates observed in this study are much slower than those reported 
by Nilsson and associates,?° who found that 40 to 60 per cent of a single oral 
or intravenous dose of EACA was recovered in the urine in 12 hours and only 
a small amount (2 to 4 per cent) was excreted in the next 12 hours; for more 
prolonged exeretion of EACA, it would appear desirable to use multiple doses 
or sustained infusions. Further information concerning plasma levels of EACA, 
renal mechanisms for handling this substance, as well as other data concerning 
its distribution and metabolism, must await the development of an adequate 
plasma assay. 

In both groups (transurethral resection and suprapubic prostatectomy) the 
data clearly indicate that the suppression of urinary urokinase activity was 
associated with a reduction in urinary hemoglobin loss. That the effect was more 
striking in the patients who underwent transurethral resections is not surprising, 
since, in the suprapubic prostatectomy procedure, much more extensive trauma 
is inflicted, direct visualization of bleeding points may be difficult, and reliance 
is placed on capsular retraction and packing to ensure hemostasis.**° ** Further, 
the weight of prostatic tissue removed is often, as in the present series, much 
larger in the suprapubie technique (mean, 61 Gm.) than in the transurethral 
procedure (mean, 15 Gm.). Nevertheless, the reduction was significant in both 
groups, and provides evidence that the urokinase activity of the urine con- 
tributed to the impaired hemostasis following the traumatic insult to the urinary 
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tract. Our present data do not entirely exclude the possibility that EACA ad- 
ministered by the intravenous route may have exerted a significant degree of 
systemic action on the plasminogen-plasmin system, or perhaps have exerted 
some hitherto undescribed action on hemostasis. However, it is emphasized.that 
strong evidence has been adduced to support the hypothesis that EACA acted 
locally in the urinary tract. Conversely, the data also provide evidence to sup- 
port the coneept that urokinase, by promoting the lysis of fibrinous deposits, 
may play an important physiologic role in maintaining the patency of the 
urinary tract. 

The present observations also bear on the broader subject of the relationship 
of the activity of the fibrinolytic enzyme system to the maintenance of normal 
hemostatic mechanisms and its contribution to certain hemorrhagic and throm- 
botic manifestations. It has become increasingly apparent that fibrinolysis, as 
a biological phenomenon, is in a state of dynamie activity; the factors regulating 
this activity and their contribution to disease are a matter of great current in- 
terest.1® 7 2° For this reason, the ability to inhibit the activity of plasminogen 
activators by EACA has obvious therapeutic implications. Recent studies indi- 
eate that this agent may prove to be extremely useful in the management’ of 
spontaneously occurring or induced systemic fibrinolytic disorders,’® *° and the 
present studies indicate a potential usefulness in the control of excessive bleed- 
ing arising under certain circumstances from the lower urinary tract. 

Though no immediate or delayed local or systemic side effects were noted 
with the use of this agent in these patients, the possibility was entertained that 
EACA, by inhibiting normal plasma plasminogen activator activity, or the 
response to physiologic stresses, might predispose to the development of spon- 
taneous thromboses. The 2 patients in our series with presumed vascular oe- 
clusion both had a background of vascular disease; in Case 2, death occurred 
10 days later, and the diagnosis of vascular occlusion was not established. 
Further observations with EACA administration, concerning this potential 
danger, are indicated. 


We are indebted to the Departments of Urology of the Washington University School of 
Medicine, Barnes Hospital, and the Jewish Hospital, St. Louis, Mo., and to many individual 
staff members, for making this study possible. 
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Fibrinolysis V. The thrombolytic and anticoagulant 


activity of mold fibrinolysin (Aspergillin O) in vivo 
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Detailed studies were carried out on the fibrinolytic and clot-delaying activity of Asper- 
gillin O in 70 dogs. There was no evidence of toxicity or antigenicity with an average 
dose of 10 mg. per kilogram of weight and with repeated administrations at various 
intervals of time. 


The effect of Aspergillin O in vivo lasted approximately one hour after the adminis- 
tration of the drug. There appeared fibrinolytic activity in whole blood and plasma 
without evidence of activation of profibrinolysin (plasminogen). There were also 
delayed formation and decreased yield of thrombin, moderate fibrinogenopenia, and 
some deficiency of clot accelerators. There was no significant acceleration of the clotting 
process with the dose employed. Wenograms demonstrated the recanalization of venous 
vessels thrombosed for 24 to 48 hours, but Aspergillin O was wnable to destroy thrombi 
older than 72 hours. The addition of heparin (0.2 mg. per kiloweight) enhanced the 
anticoagulant and fibrinolytic activity of the drug. 


In dogs, Aspergillin O destroyed intravenous thrombi experimentally produced, while 
it delayed and interfered with the normal coagulation mechanism without hemostatic 
breakdown or acceleration of intravascular clotting. Its complex mechanism of activity 
suggested the potential use of the drug in the management of thromboembolic disease 
in man. 


A, agent totally effective in the management of arterial and venous 
thrombosis should arrest the continued intravascular deposition of fibrin,’ and 
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also induee recanalization of the vessel through total or partial destruction 
of the thrombus. The ability of a true anticoagulant agent such as heparin 
to prevent further propagation of the clot seems to have been proved. Yet, 
unless the thrombus is destroyed, irreversible vascular and tissular changes 
are bound to follow. Thus, prompt and sustained fibrinolysis in vivo represents 
a vital step in the ultimate management of throboembolism. Many agents have 
been tried to induce sustained fibrinolysis in vivo in man. A few have reached 
the stage of clinical trial. The use of streptokinase and of plasmin has given 
promising, although controversial, results.? 

We have reported that an agent isolated from liquid cultures of Aspergillus 
oryzae B-1273 has strong proteolytic, fibrinolytic, and anticoagulant activity 
in vitro.* Considerable purification of this agent, designated as Aspergillin O,* 
has been achieved recently.° The present paper illustrates the fibrinolytic and 
the anticoagulant activity of Aspergillin O in vivo under experimental con- 
ditions. | 


Materials 


Three preparations of Aspergillin O of increasing potency were used: an alcohol 
precipitate, a tannic acid precipitate,* and a more purified acetone precipitate.5,6 Since 
the only variability of effects was related to the difference in concentration of active material 
in the various preparations, only the results obtained with the more purified acetone material 
will be deseribed. A pooled preparation was used, with an activity of 800 u. per milligram 
of lyophilized substance, assayed as described,+ and dissolved in sterile saline (approximately 
1 ml. per milligram of substance). The solution was injected through an unexposed vein 
of the foreleg at a speed of 3 to 5 ml. per minute. Previous work has shown that Aspergillin 
O has low toxicity and no antigenicity in dogs.6 


Methods 


These studies were carried out on 70 dogs which were kept under routine laboratory 
conditions. All procedures were performed under Nembutal or Pentothal sodium anesthesia, 
The arterial pressure was determined during the infusion and for 2 hours thereafter by 
a direct reading from an Hg manometer connected to a 19 gauge needle lodged in the 
femoral artery of the animal and kept open by periodic flushing with saline solution. The 
temperature was recorded rectally. Electrocardiograms were taken by conventional leads 
during the infusion. 


Thrombi were produced in one of the jugular veins of the animal under study by the 
intraluminal injection of a 5 per cent sodium morrhuate solution? through a small incision 
of the lower part of the neck. The site of injection was below the point of origin of 
any large collateral vessel. After a solid clot formed, the incision was closed and the 
animals were returned to their cages. Twenty-four or 48 hours later, the jugular vein was ex- 
posed again 5 to 8 em. cephalid to the area of the thrombus through a different skin incision. 
A venogram was then taken with the rapid injection of 4 ml. of 50 per cent Urokon sodium 
into the vessel. Aspergillin O was administered for a few minutes through a vein of the 
foreleg. A second venogram was taken 30 minutes after the end of the infusion. 

The blood samples were collected in silicone-coated test tubes by means of 17 gauge 
needles connected to 3 em. polyethylene tubes before and at various intervals of time after 
the infusion of Aspergillin O. The following studies were carried out on some or all of 
the blood samples by the methods referred after each constant: clotting time of recalcified 
plasma’; thromboplastin generation test® (in addition to the standard method, a modification 
was used in which either plasma or serum from the treated animal was matched with serum 


*Supplied by the Astra Pharmaceutical Company, Worcester, Mass. 
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or plasma from an untreated animal. Plasma and serum were diluted 1/25 and 1/10, 
respectively, with barbital saline buffer. Details of this technique have been given else- 
wherel°) ; generation of thrombin!1; activity of antihemophilic globulin12; plasma thrombo- 
plastic component!3; and Hageman!4 and Stuart!5 factors. The effect of the addition of 
BaSO,-absorbed plasma or of native serum from the treated animals on the conversion 
of purified prothrombin was studied with the method we have described.1 Essentially, this 
procedure gives a semiquantitative measurement of the activity of either labile factor (V) 
or stable factor (VIT) and Stuart factor in the conversion of prothrombin to thrombin. 
The prothrombin activity was studied by the method of Quick!6 on plasma diluted 1/10 
with saline solution after addition of an equal volume of 1. per cent solution of bovine 
fibrinogen in barbital buffer. The fibrinogen level in plasma was studied with a rapid 
method!7 and with the standard tyrosine method.16 Both these techniques measure coagulable 
fibrinogen. Their results were checked against a technique in which fibrinogen was precipi- 
tated by 25 per cent saturation with (NH,). SO, and the precipitate reconstituted with 
saline to the original volume of plasma, After dialysis of the solution against distilled 
water for 18 hours at 4° C., the nitrogen content was measured by Nessler’s method. The 
comparison of the clotting time of recalcified plasma, rich or poor in platelets, was taken 
to indicate possible liberation of clotting factors from lysed platelets.1 

The ability of serum to inhibit the clotting activity of tissue thromboplastin was 
studied with a standard method.8 To study the antithrombin activity of serum freshly 
drawn blood was allowed to clot for one hour at 37° C. The serum was then separated 
by centrifugation and allowed to stand for 4 hours to obtain complete neutralization of 
thrombin. Aliquots of 0.1 ml. of serum were mixed with 0.1 ml. of bovine thrombin solution 
containing 10 National Institutes of Health units per milliliter in 4 test tubes kept in water 
bath at 37° C. Immediately, or after 10, 30, and 60 minutes of incubation, 0.1 ml. of 
normal human plasma was added and the clotting time was recorded. 

For study of the fibrinolytic mechanism, the blood was collected in a test tube con- 
taining 1/10 volume sodium oxalate 0.1 M and the plasma was separated by centrifugation 
(1,006 RCF for 10 minutes) to make it platelet-poor. The plasma was then tested for 
fibrinolytic, plasminogen, and antiplasmin activity. The fibrin plate technique of Astrup 
and Mullertz!8 was used because of our familiarity with this method. Nine milliliters of 0.35 
per cent bovine fibrinogen* in barbital buffer at pH 7.4 were transferred to Petri dishes 
of an average diameter of 10 em. The solution was then coagulated with the addition of 
0.3 ml. of thrombin solution containing 100 National Institutes of Health units per milliliter. 
The plates were used untreated or after heating at 85° C. for 30 minutes to destroy 
plasminogen and other components of the fibrinolytic system present in the commercial 
fibrinogen. To measure the direct fibrinolytic activity of plasma the euglobulin fraction 
was precipitated as described by Kline.19 The precipitate was dissolved with a volume 
of barbital buffer equal to that of the plasma originally used. Of the solution, 0.03 ml. 
was transferred onto heated fibrin plates, which were then incubated at 37° C. for 18 hours, 
The results are presented as the area of lysis (in mm.2) obtained from the product of meas- 
ured perpendicular diameters. To test the plasminogen (profibrinolysin) activity, plas- 
minogen activation was prepared first by mixing equal volumes of streptokinaset (2,100 u. 
per milliliter) and human} euglobulin obtained as above.-: Five-tenths milliliter of the 
euglobulin fraction from the treated dog was then incubated one hour at room temperature 
with 0.1 ml. of human activator, to convert plasminogen to plasmin. Of the mixture, 0.03 
ml, was added to a heated fibrin plate and the results calculated as for the fibrinolytic 
activity. The antiplasmin activity was studied by the following method: two-tenths milliliter 
of plasma was incubated one hour at room temperature with 0.2 ml. of a standard plasmin 


solution.§ The activity of 0.03 ml. of the mixture on the heated fibrin plate was then tested. 


*Armour Laboratories, Kankakee, III. 

*Varidase, American Cyanamid Co., New York, N. Y. 

tHuman plasma was used for the preparation of activator of plasminogen because human 
plasma, unlike dog and beef plasma, is rich in proactivator. 

§Actase, 20 mg. per milliliter. 
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An alternate method was also used to test the fibrinolytic activity in the circulating 
blood of the treated animals. Eighteen milliliters of blood was collected in 2 ml. of 0.1 M 
sodium oxalate by direct venipuncture from one femoral vein exposed in the anesthetized 
dog. The plasma was separated by centrifugation at 447 RCF for 10 minutes. Aliquots 
of 0.5 ml. of plasma were pipetted into a series of test tubes and clotted by adding to 
each tube 20 National Institutes of Health units of bovine thrombin in 0.2 ml. of saline. 
The clots obtained were allowed to retract at 37° C. for one hour and then washed repeatedly 
with cold distilled water. Blood was then collected from the same animals at the end of 
an infusion and 15 minutes and 1, 2, 3, and 4 hours afterward, using 1/10 volume of 0.1 
M sodium oxalate as anticoagulant. The plasma was separated by centrifugation, From 
each sample, 0.5 ml. was diluted with 0.5 ml. barbital buffer. The total mixture was then 
transferred to a test tube containing a previously prepared homologous plasma clot. A 
rough estimation of lytie activity was given by the time necessary for complete lysis of 
the clot during incubation at 37° C. A more quantitative result was obtained when the 
remaining clot was separated after 3 hours of ineubation, washed in distilled water, and 
tested for fibrin content with the standard tyrosine method.16 





A. B. 


Fig. 1. Lysis of 24-hour-old sodium morrhuate thrombus by <Aspergillin O (8,000 u.: per 
kiloweight). A, before infusion. Note the complete obstruction of the main vessel. Blood 
flow is diverted into a large collateral, just above the point of obstruction. B, 30 minutes after 
infusion. Note recanalization of the main vessel and diminution of the collateral circulation. 


Results 

The dogs were divided into 3 groups. Detailed studies on the general effects 
of the infusion of Aspergillin O were conducted in 15 animals. Twenty-five 
animals were studied for evidence of recanalization of vessels. The effect on 
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2- and 4-hour-old clots each was studied in 3 animals. The effect on 24-, 48-, 
and 72-hour-old thrombi was studied in 8, 8, and 3 animals, respectively. The 
effect of Aspergillin O on various factors and phases of the clotting process was 
studied in 36 animals. 





A. B. 


Fig. 2. Lysis of 2-day-old sodium morrhuate thrombus by Aspergillin O (8,000 u. per kilo- 
weight). A, before infusion. Note the complete obstruction of the main vessel with abundant 
collateral circulation. 3B, 15 minutes after infusion. Blood now flows at the periphery of 
the 2-day-old thrombus, outlining its contour. There is re-establishment of the continuity 
of blood flow in the main vessel. 


General effects. No significant changes in rectal temperature, blood pres- 
sure, electrocardiographie tracings, R.B.C. and W.B.C. count, blood sedimenta- 
tion rate, and hematocrit were noted during infusion. Oozing at the site of 
the surgical incision was noted for one hour after the end of infusion. No 
bleeding was observed at other sites. Tachycardia occurred if the speed of 
the infusion exceeded 100 drops per minute. 

Evidence of recanalization of thrombosed vessels. Total lysis was obtained 
when 2- to 4-hour-old clots were ehallenged with Aspergillin O at doses of 5 
mg. per kiloweight or higher. The same dose induced recanalization of veins 
24 and 48 hours after establishment of a thrombus in all eases studied (Figs. 
1 and 2). The evidence for this conclusion was the re-establishment of the 
interrupted blood flow, the staining of the surface of the thrombus by the 
dye, and the diminution of the collateral circulation. Thrombi older than 3 
days were unaffected, a finding which is not surprising, since, by such time, 
organization of the thrombus is well under way.’ 
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Table I. Behavior of some clotting factors in 36* animals treated with 
different doses of Aspergillin O (mean values) 

















Dose of Aspergillin Before Time after infusion (minutes) 
| O per kiloweight | infusion 0 | 15 | 60 | 180 | 180 
Clotting time of 2.5 mg. 132.1 97.6 108.2 138.7 142.8 136.6 
recalcified plas- 5 mg 127.5 151.7 140.0 132.6 125.2 119.7 
ma (seconds) 10 mg. 118.3 194.3 166.5 145.9 1215 128.3 
Platelets, 2.5 mg. 217.9 184.9 198.8 197.2 2009 208.1 
1,000/em. 5 mg. 194.6 131.3 175.5 198.2 202.7 195.7 
10 mg. 204.2 84.55 146.0 208.0 194.1 201.0 
Prothrombin 2.5 mg. 100.4 98.8 96.6 100.4 100.5 100.0 
activity 5 mg. 100.6 84.2 89.1 97.8 100.7 100.0 
(per cent) 10 mg. 100.2 42.7 33.9 86.5 92.3 98.4 
Fibrinogen 2.5, mg. 100.0 96.4 100.0 100.5 100.0 100.0 
(per cent) 5 mg. 100.0 72.i 88.1 94.8 99.0 99.8 
10 mg. 100.0 77.3 64.8 57.9 83.0 97.3 





*Six animals received 2.5 mg. per kiloweight, 5, 5.0 mg. per kiloweight, and 25, 10.0 mg. 
per kiloweight. 


Table IT. The serum antithrombin activity following the infusion of 
Aspergillin O, with or without the addition of heparin (see text) * 











Minutes of incubation of reacting Clotting time (seconds) 
mixture 0 | io | so | 60 
Infusion of Aspergillin O (10 mg. per kiloweight). 
Before infusion <3 60 138 180 
15 minutes after end of infusion <3 22 48 64 
2 hours after end of infusion <3 40 97 120 
3 hours after end of infusion <3 57 129 164 


Infusion of Aspergillin O (10 mg. per kiloweight) with heparin (0.2 mg. per kiloweight). 
Before infusion 


<3 54 120 174 
15 minutes after end of infusion <3 62 224 330 
2 hours after end of infusion <3 57 145 160 
3 hours after end of infusion <3 52 152 171 





*Each figure represents the average of 5 experiments. Note the depression of antithrombin 
activity after the administration of Aspergillin O, still evident 2 hours later. On the 
other hand, the addition of small amounts of heparin resulted in considerable increment 
of antithrombin activity. The increment in antithrombin activity during incubation of 
the reacting mixture is a constant phenomenon in this test. 


Coagulation changes in blood after the administration of Aspergillin O. 
These were correlated with the dose administered. An average dose of less 
than 5 mg. per kiloweight accelerated slightly the clotting process in 5 dogs 
(although still inducing lysis of the clot), as suggested by a moderate shortening 
of the clotting time and faster generation of thrombin. Results in 36 animals 
receiving doses of 2.5, 5, and 10 mg. per kiloweight are given in Figs. 3, 4, 
and 5 and Tables I and IT. 








Volume 58 


baa ay Activity of Aspergillin O in vivo 53 


RESULTS AT THE END OF THE INFUSION. The platelet count was halved. 
The clotting time of reealcified plasma was prolonged and the clotting time 
of platelet-poor plasma after recalcification was significantly longer than 
that of platelet-rich plasma. The generation of thromboplastin was slowed 
only moderately. The activity of antihemophilic globulin, plasma thrombo- 
plastic component, and Hageman and Stuart factors was not affected ap- 
preciably. The plasma prothrombin activity was reduced to approximately 
one-third. The conversion of purified prothrombin by the accessory factors 
in the animal plasma and serum was delayed. The generation of thrombin 
was markedly slowed and incomplete. The fibrinogen level was decreased by 
an average of 40 per cent. 

RESULTS AT 15 MINUTES AFTER THE END OF THE INFUSION. The platelet 
count was almost back to normal. The clotting time of recalcified plasma was 
still prolonged in most eases, although occasionally accelerated. The generation 
of thromboplastin remained moderately slow and the generation of thrombin 
was still greatly impaired. The fibrinogen and the plasma prothrombin activity 
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Fig. 3. The generation of thrombin following the infusion of Aspergillin O. 1, before in 
fusion; 2, 15 minutes after end of infusion; 3, 1 hour after end of infusion; 4, 3 hours afte 
end of infusion. Points represent individual experiments. 
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remained at their low level. The conversion of prothrombin stayed delayed 
when either absorbed plasma or serum from the treated animal was adde to 
purified canine prothrombin. This result indicated that Aspergillin O probably 
affected the labile (V), stable (VII), and Stuart factors of the conversion of 
prothrombin. 

RESULTS 3 HOURS OR LATER AFTER THE END OF THE INFUSION. Most constants 
returned to preinfusion values within 3 hours. Often the sample of blood 
collected one hour after treatment showed faster generation of thromboplastin, 
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Fig. 4. The effect of adding BaSO,-absorbed plasma from animals receiving 100 mg. of 
Aspergillin O on the speed of conversion of purified canine prothrombin. (Oxalated plasma 
from the treated animal was incubated with 100 mg. of BaSO, After separation it was 
diluted 1/80 with veronal saline buffer. A mixture was then prepared containing equal 
volumes of solution of purified canine prothrombin [mg. per milliliter] absorbed plasma 
and Simplastin and the mixture was incubated at room temperature. After 1, 2, 4, or 6 
minutes of incubation, 0.1 ml. of the mixture was transferred to test tubes containing 0.1 
ml. of 1 per cent solution of bovine fibrinogen [Armour & Co.] and the clotting time recorded. 
Values were translated to units of thrombin by means of a standard curve.) 1, plasma 
collected before infusion; 2, plasma collected 15 minutes after end of infusion; 3, plasma 
collected 2 hours after end of infusion; 4, plasma collected 3 hours after end of infusion. 
Similar results were observed when native serum (diluted 1/80 in saline) was used instead 
of absorbed plasma. These results would seem to suggest that the delayed formation of 
thrombin in animals receiving Aspergillin O may be related to depression of the labile and 
stable factors’ activity. 
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indicating possibly a state of temporary moderate hypercoagulability. The 
generation of thrombin remained slower than usual. The plasma fibrinogen, 
although rising, was still slightly subnormal after 6 hours. 

The behavior of anticoagulants. The changes in antitissue thromboplastin 
activity of serum appeared insignificant throughout 3 hours of observation. 
The serum antithrombin activity showed a sustained decrease after the infusion 
(Table II). There was, however, an increase in antithrombin activity after 
incubation of serum and thrombin, possibly partly related to the destruction of 
fibrinogen and to liberation of by-products with antithrombie activity.?° 
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Fig. 5. Effect of the infusion of Aspergillin O on the plasma fibrinogen level (5 represent- 
ative experiments). 
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Fig. 6. Plasmin, plasminogen, and antiplasmin activity in the serum of animals receiving 
Aspergillin O with or without addition of 2 mg. of heparin. (The first point on each group 
represents the preinfusion values. The lines represent the mean of scattered points and each 
point indicates a single experiment. The relatively high preinfusion values for plasmin are 
common with this method.) 
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The fibrinolytic system during and after infusion of Aspergillin O (Fig. 6). 
Using the fibrin plate method, the fibrinolytic and plasminogen activities were 
considerably increased for about one hour. Inhibitors showed higher activity 
for at least 2 hours. Significant results were obtained when testing the ability 
of the animal’s plasma to lyse preformed fibrin clots. Clots made of homol- 
ogous plasma were completely dissolved in 8 and 12 hours upon ineubation 
with plasma from dogs which had received 10 and 5 mg. per kiloweight of 
Aspergillin O, respectively. Maximum lytie activity was present at the end 
of the infusion and for one and 2 hours thereafter. Lytice activity decreased 
very rapidly after the second hour, to disappear almost completely after 4 
hours. A more accurate quantitative determination of the lytie activity by 
determination of the residual fibrin in clots after 3 hours of incubation with 
plasma from experimental dogs showed a similar trend (Fig. 7). 
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Fig. 7. The semiquantitative estimation of the fibrinolytic activity of plasma of dogs after 
the infusion of increasing doses of Aspergillin O. Residual fibrin was determined using 
homologous plasma clots incubated for 3 hours with plasma from the experimental animal. 
Fibrin levels are expressed in percentages of the initial values. (The greatest activity was 
present at the end of the infusion and for 2 hours thereafter. It disappeared after 3 hours.) 
Points represent mean values for 2, 3, and 5 dogs receiving 2.5, 5.0, and 10.0 mg., 
respectively. 


The interaction of heparin and Aspergillin O. Heparin enhances the 
lytie activity of Aspergillin O on the human fibrin plate and on human plasma 
clots at a concentration less than 0.2 y per milliliter, either by decreasing 
the activity of natural oceurring inhibitors of Aspergillin O in plasma 
and serum or by blocking their activity. It was then felt that the addi- 
tion of heparin could potentiate the effects of Aspergillin O in vivo. Two 
milligrams of heparin sodium, together with 100 mg. of Aspergillin O, was 
infused in 4 dogs. The bleeding at the site of surgical injury was more 
pronounced and the lytie activity on the thrombi more evident. The 
drop in platelets was less marked. The changes observed in the clotting 
mechanism, although similar in type to those seen with Aspergillin O alone, 
were slightly more pronounced than the latter, with the exception of a sharp 
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increment in antithrombin activity. Thus it is probable that heparin added 
its own antithrombin effect to the activity of Aspergillin O. The injection 
of 2 mg. of heparin in dogs of average size is followed by paradoxical accelera- 
tion of the generation of thromboplastin, a finding which may explain the 
well-known “heparin rebound effect.” This did not occur when heparin and 
Aspergillin O were administered together. There was no increase in plasma 
antiplasmin activity in animals receiving this combination, and the fibrinolytic 
activity appeared more sustained (Fig. 6). 


Discussion 


The evaluation of a potentially thrombolytic drug is obviously a difficult 
task.. Some of the difficulties are inherent to the mechanism of activity of these 
drugs, at least in our experience.*! Many available thrombolytic drugs have 
a biphasie effect. They lyse thrombi at high concentrations, while favoring blood 
clotting through the aecelerated conversion of prothrombin to thrombin at lower 
concentrations. Thus, most lytic agents could destroy clots first and then hasten 
formation of new ones by accelerating the formation of thrombin. A second 
problem is the relatively poor reliability of the methods used in studying the 
effects of these drugs. Specific examples referring to the material presented 
in this article refer to the determination of antithrombin and to the study of 
the fibrinolytie system. The antithrombin test, although often used in coagula- 
tion studies, was less than exact, since the plasma used as source of fibrinogen 
supplies its own antithrombin to the system. As the results are comparative, 
they were probably significant, and were confirmed on control studies using 
fibrinogen solution instead of plasma. The meaning of the tests used for the 
study of the fibrinolytic system in plasma was also questionable. It was not 
possible to determine whether the euglobulin precipitation technique recovered 
Aspergillin O as well as plasmin. Thus, direct fibrinolytic and plasminogen 
activity may have ineluded Aspergillin O in the cireulating blood. The anti- 
plasmin activity probably also included the determination of an inhibitor of 
Aspergillin O. In any event, constant effort was made to keep results on a 
strictly comparative basis and, for this reason, they were probably valid. An- 
other important obstacle in the evaluation of agents such as Aspergillin O 
was the determination of its true thrombolytic activity. The destruction of 
freshly prepared clots was relatively meaningless since fresh clots, not adhering 
firmly, can be dislodged easily from the vaseular wall. Also, retraction, 
fragmentation, and reduction in size are common in such elots even without 
drug interference. In our experiments we emphasized the study of 24- or. 
48-hour-old thrombi since the objections presented for fresh clots possibly did 
not apply to older thrombi. 

It could be concluded, at least in our experimental conditions, that Asper- 
gillin O was a proteolytic and fibrinolytic material* which seemed to possess 
some advantages over other thrombolytic agents. A state of temporary hyper- 
coagulability was observed with doses too low to induce lysis. At adequate 


*It is probably different from the protease isolated by Crewther and Lennox,” as described 
previously.® 
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lvtie doses, however, the drug caused a significant and prolonged fall in 
fibrinogen level, moderate destruction or inhibition of the activity of pro- 
thrombin, labile, and stable factors with little effect on the generation of 
thromboplastin and on the activity of antihemophilic globulin, plasma thrombo- 
plastin component, and Hageman and Stuart factors. There was evidence 
of a considerable delay in the production and of a fall in the yield of thrombin. 
The blood of animals receiving Aspergillin O, however, also showed a moderate 
decrease in antithrombin activity, which could be counteracted effectively by 
the simultaneous administration of heparin. Aspergillin O seemed eapable of 
lvsing clots within 48 hours of formation. This conclusion was based on veno- 
graphie evidence indicating total or partial recanalization of a thrombosed 
vessel up to 2 days after the induction of experimental venous thrombosis. 
This type of evidence was made more significant by the observations indicating 
that inereased fibrinolytic activity was detected for at least one hour after 
administration of Aspergillin O, without decrease in the concentration of 
plasminogen. Thus, the increased fibrinolysis seemed due, at least in part, 
to the material injected and not to an activation of the fibrinolytic system. 
In any ease, direct lysis of preformed clots incubated with plasma from the 
animal receiving Aspergillin O was a clear-cut indication of the ability of the 
drug to destroy fibrin. 

In conclusion, Aspergillin O had a complex action in vivo. It delayed the 
formation of thrombin, induced hypofibrinogenemia, and, most important, in- 
dueed lysis of preformed clots. The delay of thrombin formation was limited 
in time, but might be apparently significant in preventing the formation of new 
thrombi. The effects of Aspergillin O appeared interesting enough to warrant 
investigation in the human being. 


Acknowledgement is made of the cooperation of Drs. Dionysios Adamis and Rauno Heikin- 
heimo, Turku, Finland, in some phases of this study. The pyrogen-free preparation used in 
most of these experiments was obtained through cooperation of the Connaught Medical Re- 
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Isotopic sodium turnover studies in man: Evidence of 
minimal sodium (Na”?) retention 6 to 11 months 
after administration 


MALCOLM G. SMILAY, M.D., LEWIS K. DAHL, M.D., SANFORD C. 
SPRARAGEN, M.D., and LAWRENCE SILVER, M.D. Upton, N. Y. 


Naz2 and a very sensitive whole body counting technique allowed a long term clinical 
observation in 12 patiénts who had recewed small doses of the isotope. Under carefully 
controlled conditions, the rate of elimination of Na22 appeared to be predictably re- 
lated to NaCl intake. Na22 was eliminated in linear fashion until approximately 1 per 
cent of the original dose remained; thereafter, further elimination of the isotope con- 
tinued at a decreasing rate. This small and constant final moiety of Na22 suggested 
that the isotope entered the skeletal system, where sodium exchanges slowly. 


ie use of Na*®® (physical half-life, 2.6 years) has enabled long-term 
clinical observations which were not possible with Na** (physical half-life, 15 
hours). During the past year Na®* has been employed in continuing studies 
designed to evaluate further the role of sodium in hypertension.’ This investiga- 
tion, which employed an extremely sensitive whole body counting technique, 
allowed an opportunity to make concomitant observations on the retention of 
Na” in 12 patients who had received small doses of this isotope. It was found 
that the rate of elimination of Na** was related in a predictable way to NaCl 
intake. There was remarkably little Na** retention 6 to 11 months after its 
administration. The small and fairly constant amount of Na®* that did remain 
in the body suggested that the isotope entered a compartment of the body in 
which sodium exchanges slowly, presumably the skeletal system. 


Methods 


The adult patients were ambulatory and, though some were hypertensive (see Table I), 
none had symptoms or signs of cardiac or renal insufficiency. All patients were hospitalized 
in a metabolic ward and received a constant low sodium diet (0.25 Gm. per day as NaCl) 
which has been described previously.2 While in the hospital, the salt intake of the 
patients ranged from one to 40 Gm. per day, given in the form of enteric, coated tablets. 
Not all the patients studied received the same salt loads. Repeated urinary analysis of 
sodium indicated that virtually all of the NaCl in the tablets was absorbed. Only 2 of the 
patients, R. B. and N. 8., were hospitalized continuously, while 9 of the remaining 10, 
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after various periods of hospitalization, were discharged on an ad libitum NaCl diet. The 
exception to this was H. B., who was discharged on a restricted NaCl diet. 

Carrier free Na22 with a chemical purity of more than 99 per cent was received from 
Nuclear Science and Engineering Corporation of Pittsburgh, Pennsylvania. The isotope was 
administered orally in doses of 2.3 to 6.9 we, with the usual dose ranging between 2 and 4 uc. 

A Harshaw Nal 8 inch crystal, connected to three 3 inch photomultiplier tubes, and fed 
into a Penco 100 channel pulse height analyzer,* was used for counting whole body radio- 
activity. Na22 has an energetic gamma emission with a peak energy of 1.28 mev (channel 
60). Because of the excellent counting resolution of the crystal, a window of 1.24 to 1.32 
mev. (channels 58 to 62) was used to count body activity. In this range there is a maximum 
signal to noise ratio. Background was kept to a minimum (30 ¢.p.m.) by counting patients 
in a room constructed of 6 inch steel and lined with lead, cadmium, and copper. A fixed 
contour chair, together with a mechanically positioned crystal, assured a remarkably constant 
geometry. Repeated countings showed the standard deviation to be less than 1 per cent for 
standards and patients. 

During the first 24 hours, whole body activity varied by as much as 5 per cent without 
relation to elimination of the isotope. This probably represented internal shifts in the 
distribution of the isotope as it equilibrated in the body. After 24 hours the whole body 
activity was reproducible at the 1 per cent level in all patients regardless of salt intake. In 
estimating whole body activity, the initial counts obtained 24 hours after isotope administra- 
tion were assigned the value of 100 per cent and subsequent counts were referred to this base. 
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Fig. 1. The effect of different salt intakes’ on the biologic half-life (T%) of Na22 in 
patients on a constant diet. The top (dashed) curve refers to patients with essential hyper- 
tension. The bottom (solid) curve refers to normotensive subjects. The difference between 
hypertensive and normotensive subjects on diets containing 2, 5, and 10 Gm. NaCl per day 
was significant (p. < .01). Insufficient observations have been made at other levels to be 
significant. 


Radioactivity in the patients was counted for 5 to 15 minute periods, ordinarily at 1 to 2 
day intervals, 6 to 10 times during the course of a given salt load. Counts were corrected for 
physical decay and plotted, against time, on semi-log paper, as per cent of the original 100 
per cent level. The decline in the logarithm of whole body activity with time was linear for 
a fixed level of NaCl intake, giving a slope which defined the biologic half-lives. When the 
patients were discharged from the hospital, the calculated amounts of Na22 remaining ranged 


*Penco, Pacific Electro-Nuclear Corporation, Culver City, Calif. 
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from 0.5 to 3.0 we. At scheduled intervals thereafter they returned for radiation counting 
until the conclusion of the study. 


K40 (physical half-life, 1.3 by 109 years), which is normally present in the body, was 
counted before Na22 was administered as well as at the end of the study in order that it 
serve as an internal standard. 


Results 

Fig. 1 illustrates the biologie half-life (T14) of Na??, plotted as a function 
of NaCl intake. From these curves the T!4 for different salt loads can be readily 
obtained. It can be seen that, on the low sodium diet’ (0.25 Gm. per day), 
without NaCl supplements, T4% was roughly 335 days; as NaCl intake was 
increased, T!4 decreased, and when intake reached 30 Gm. per day, T% was 
approximately 5 days. 


Table I summarizes the data on Na”? retention 170 to 322 days after adminis- 
tration. In all patients except H. B., retention of Na** was less than 0.5 per cent 
of the administered dose. When patient H. B. left the hospital on a restricted 
NaCl diet it was calculated that 1.6 ne of Na** had not been eliminated. Based 
on subsequent counting data the estimated average T14 of Na®® outside of the 
hospital was approximately 33 days. This indicated he had been consuming 
about 4 Gm. NaCl per day (Fig. 1). This figure was corroborated by analyses 
of 24 hour urinary sodium samples collected intermittently over a 4 month period. 


Table IT. Comparison of Na*? whole body counts with counts obtained from K*° 





. ne > Terminal count 
Control count | Initial count of Na22, 24 hours 





Patient K-40 (e.p.m.) | after administration (c.p.m.) | Na®2 (c.p.m.) | K49 (c.p.m.) 
R. B. 43 13,537 29 40 
N.S. 32 13,350 50 34 
A. K. 24 12,022 38 25 
B.D. 33 8,777 24 26 
A. R. 22 25,145 108 32 
A. E. 27 26,898 39 27 
B.C. 20 11,871 53 26 
P. BR. 39 10,061 21 36 
M. W. 24 10,700 37 30 
R. G. 27 9,289 33 34 
K. W. 42 16,130 73 37 
n..3B.* 34 9,385 423 





*Patient on restricted NaCl intake (see text). Terminal K*® count not possible because of 


On this intake the Na** retention of Patient H. B. will predictably fall below 
the 1.0 per cent level in 3 months.* The salt intake of other patients, in whose 
diet NaCl was not restricted, was estimated from Fig. 1 and corroborated by 
24 hour urine sodium excretion to be approximately 10 Gm. per day. 

Table II summarizes the control counts for K*°, the initial counts for Na??, 
and the terminal counts for Na** and K**. Although the initial counts were 
in the range of 3,500 ¢.p.m. per microcurie of Na®* administered, the terminal 
Na** counts were remarkably low and had the same order of magnitude as K*°, 
which did not vary significantly during the study. 


*This prediction has now been verified. 
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Fig. 2 illustrates the effect of various salt loads on the elimination of Na”? 
in 2 patients studied simultaneously on the same NaCl intakes. The rate of 
Na** elimination increased directly with NaCl intake. The elimination of Na** 
was linear for a given NaCl load until the 1 per cent level of retention was ap- 
proached. Here there was leveling off of the curve for both patients. During 
this period, supplementary NaCl was discontinued for Patient N. S., and Na?’ 
elimination then ceased. In contrast, by continuing Patient R. B.’s NaCl 
intake at a level of 40 Gm. per day, Na** continued to be eliminated, but at a 
decreasing rate. This leveling off effect was seen in all of our patients when 
retention levels approached 1 per cent. 

The ealeulated total body irradition,** indicated in the last column of 
Table I, was in each ease less than 0.3 rad, and the total body burden at the 
end of the study was always less than 0.2 pe. This is far below the suggested 
yearly maximal permissible internal exposure of 5.0 rem’ and maximum permis- 
sible total body burdén for Na’ of 10 ye recommended by The International 
Committee on Radiological Protection,® and The National Committee on Radiolog- 
ical Protection, respectively. In terms of rads, the residual Na**, considering 
only its physical half-life of 2.6 years, will be of much less significance than the 
K*° activity, with its physieal half-life of 1.3 x 10° years. 
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The results were identical for the 2 patients until Patient N. 8. was put on a low salt 
regimen after 140 days (see text). 


Discussion 


Various reports by such clinical investigators as Miller and associates’ have 
indicated Na** retention to be 0.1 per cent after one year. Veall and co-workers*® 
reported 1 per cent Na** retention in one human after 75 days. On the basis 
of our present study, it would seem that differences in retention of Na**, over 
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a given time, were due primarily to differences in the average daily intake of 
NaCl. Although a rate difference of Na** elimination between hypertensive and 
normotensive subjects has been demonstrated,' a difference in ultimate reten- 
tion of the isotope for the two groups was not discerned. The rate of Na** 
elimination for different salt intakes was predictable and the extremes were 
quite great. For example, on the low sodium intake used here, the T44 was 
found to approximate 1 year, thus it would require roughly 7 years to reach 
the 1 per cent level of retention. On the other hand, if a patient were given 30 
Gm. of NaCl per day, the T44 of Na?* would be about 5 days and 99 per cent of 
a tracer dose of Na** would be eliminated in approximately 35 days (Fig. 1). 
Normally, an individual on an average intake of NaCl (10 Gm. per day) will 
eliminate 99 per cent of a given dose of Na”? within 4 months. At approximately 
the 1 per cent level of retention, linear elimination of Na** was found to level off 
asymptotically even with a high salt load and, thereafter, elimination of Na** 
was estimated to have a T14 averaging 150 days over the next several months 
(Fig. 2). Beyond one year, further elimination of Na** can be estimated 
conservatively in terms of its physical half-life. 

The leveling off of the retention curve could be explained if the remaining 
Na** was concentrated in a compartment such as the skeletal system, where 
sodium exchanges slowly. Approximately one third of total body sodium is in 
the skeleton,®" and there is increasing evidence that at least some of this 
sodium participates actively in metabolic processes.’?** However, it is not clear 
whether all of the sodium is easily exchangeable with Na?*. Green and as- 
sociates’® found that after 14 weeks there was almost complete equilibrium of 
Na** in rats, whereas Edelman and co-workers*® found that after 4 hours about 
45 per cent of bone sodium in dogs exchanged with Na** and that there was no in- 
creased exchange during the next 4 weeks. Na** exchange in bone is extremely 
complex, and subject to considerable variation.'*-** In any event, it appears that 
some of the bone sodium, presumably that contained in the erystal lattice,?* ** 
exchanges slowly. This is the most likely repository of the final 1 per cent of 
Na”? observed in the present studies, 

In patients on average salt intake diets who had received less than 5 ye 
of Na? it was ealeulated that total body irradiation, allowing for infinite time, 
would be less than 0.3 rad. The Na”? remaining in the body 6 to 11 months 
after administration of the isotope approximated .01 to .02 pe. This is a very 
slight amount of radioactivity, but present evaluation of the ultimate effects 
of small point radiation sources is incomplete. We consider the danger to be 
insignificant. However, since there is a potential hazard, we would recommend 
doses of less than 5 pe of Na* for clinical studies. 

We wish to thank Dr. Stanton Cohn and Mr. Michael Stravino for their assistance in the 
whole body counting procedure. 


Addendum. Subsequent observations on 5 patients (R. B., N. S., A. K., B. C., and P. R.) 
15 to 21 months after isotope administration indicate that the small amount of Na22 re- 
maining in the body continues to exchange at an increasingly slower rate. Therefore, it 
appears that if sufficient time is allowed for exchange, there will be essentially no permanently 
bound Na22 in the adult. 
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Reproducibility and reliability 
of the Schilling test 
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Glasgow and Edinburgh, Scotland 


The reproducibility and reliability of the Schilling test in the same individual have been 
assessed by a study involving repeated Schilling tests in 7 patients with pernicious 
anemia, 2 patients who had undergone total gastrectomy, and one patient with adult 
celiac disease. The test was found to be reliable and reproducible in demonstrating 
malabsorption of Co%8-labeled vitamin B,, in patients with pernicious anemia and in 
those who had undergone a total gastrectomy; a wide range of results was obtained in 
the patient with celiac disease. 


When Schilling tests were performed with intrinsic factor in the patients with pernicious 
anemia and in those who had undergone total gastrectomy there was evidence that the 
effect differed not only from patient to patient but also in the same patient at different 
times. The test with intrinsic factor was not reliable unless the dose of the factor was 
adequate. Difficulties of determining an adequate dose of intrinsic factor are outlined 
and illustrated by the results. There appeared to be an absorption defect in patients 
who had undergone total gastrectomy which differs from that found in patients with 
pernicious anemia, Oral calcium did not increase the absorption of vitamin B,, in the 


patient with celiac disease. 


>: of vitamin B,. in man ean oceur from a variety of causes, the 
most common in temperate climates being diminished absorption from the 
alimentary tract. The capacity to absorb vitamin B,. ean be estimated with any 
degree of accuracy only by use of the radioactive vitamin in absorption studies. 
These tests are of considerable assistance in defining the nature of the defect’ 
and are often the only means of establishment of diagnosis in patients who have 
received treatment. 

Of the methods used to investigate the absorption of radioactive vitamin 
B,., the urinary exeretion test, introduced by Schilling,’ is the most convenient 
and thus has found wide acceptance. Briefly, this test entails administration 
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of an oral dose of radioactive vitamin B,. followed by an intramuscular injection 
of the nonradioactive vitamin; the greater part of the intramuscular dose is 
exereted in the urine and ‘‘earries out’’ some of the radioactive vitamin B,. 
which has been absorbed from the intestine. The amount of radioactivity in 
the urine over the next 24 hours thus gives an indication of the amount of the 
radioactive vitamin B,. absorbed from the intestine. 

We have used this test on over a thousand oceasions, and, in general, our 
experience has been in keeping with published results. On a few oceasions, 
however, anomalous results were obtained which could not be ascribed to tech- 
nieal errors; this applied particularly to tests used in a semiquantitative manner. 
Reference to the literature showed that little attention had been paid to the 
reproducibility of the test. For this reason a study designed to yield informa- 
tion about the reproducibility and reliability of the test was carried out, the 
results of which are reported in this paper. 


Materials and methods 


Ten patients were studied. The diagnosis of Addisonian pernicious anemia had been 
established in 7 patients (Cases 1 through 7) on the basis of macrocytic anemia, megalo- 
blastic erythropoiesis seen on marrow biopsy, a histamine-fast achlorhydria test, low serum 
vitamin B,, level, and a response to parenteral vitamin B,. Two patients (Cases 8 and 9) 
had undergone total gastrectomy and presented with a macrocytic anemia, megaloblastic 
erythropoiesis seen on marrow biopsy, and a low serum vitamin B,, level; they also responded 
to parenteral vitamin B,,. One patient (Case 10) with a typical case of adult celiac disease 


came under observation with a macrocytic anemia and megaloblastic erythropoiesis seen on 
marrow biopsy which failed to respond to vitamin B,, but responded to oral folic acid; fat 
balance showed gross steatorrhea. All the patients had been treated with parenteral vitamin 
B,, prior to this investigation and, in addition, Case 10 continued to take oral folie acid and 
a gluten-free diet during the tests. All were aware of the nature and objects of the investi- 
gation and were willing participants. 


Radioactive Coss vitamin B,,.* This was diluted to a working concentration of 0.5 ug, 
specific activity 0.5 we, in 5 ml. saline. The solution was dispensed in acid-washed dark glass 
bottles, autoclaved, and stored at 4° C. when not in use. Several batches were used in the 
course of the trial. The vitamin B,, content of each batch was checked by microbiologic 
assay at weekly intervals. 

Schilling tests. The tests usually were carried out at intervals of one week or longer. 
They were performed with and without intrinsic factor and, as far as possible, these pro- 
cedures were used alternately. Some patients fasted overnight and some had a tea and toast 
breakfast 2 to 3 hours before the test; whichever regime the patients preferred to adopt 
was followed for every test. The oral dose of Co58-labeled vitamin B,, was given in 200 
ml. water at 9:30 a.m. and 1,000 yg vitamin B,, was injected intramuscularly 2 hours later. 
The intrinsic factor was dispensed in lots of 15 mg. and was suspended in the Co58-labeled 
vitamin B,, solution a few minutes before ingestion. The same batch of intrinsic factor 
was used throughout the investigation. All urine passed in the 24 hours after the injection 
was collected and there was every reason to believe that the collections were complete. 

The total urine volume was measured, shaken vigorously, and taken into plastic bottles in 
450 ml. aliquots. The radioactivity in the aliquots was measured by the end-on method in a 
suitably modified Ekeo scintillation counter N 550 with a thallium-activated sodium iodide 
crystal 3.81 cm. in diameter and 2.4 em. deep, shielded by 3 inches of lead, and an Ekco auto- 
matie sealer, type N 530 A. A standard was used containing 0.2 we Co58-labeled vitamin B,,, 
with 2,000 wg vitamin B,, as a carrier in 450 nil. water. All samples were counted for 300 


P . _ A 
*The Radiochemical Centre, Amersham, England. 
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seconds. The background count ranged from 1.49 to 4.95 counts per second, and the net 
standard counts from 124 to 194 counts per second. When the gross counts per sample were less 
than twice the background count the radioactivity present was regarded as insignificant, and 
a value of 0 per cent of the dose excreted was recorded. It will be seen that a coincidence of 
a high urine volume, a low urine radioactivity, a high background count rate, and a lew 
standard count rate might result in a recorded figure of 0 per cent of dose excreted when 
in fact the actual figure might have been 5 per cent. In fact, this combination of cireum- 
stances did not arise in practice, and all values recorded as 0 per cent of dose excreted rep- 
resent true figures of less than 2 per cent of dose excreted in all cases and less than 
1 per cent of the dose excreted in the majority of results. As the ebject of the investigation 
was to assess the test in routine clinical practice, the dose of radioactivity was not increased 
to ensure a degree of accuracy in results which we felt to be unrealistic. 

Six Schilling tests were carried out in all patients and the same number of tests with a 
single dose (15 mg.) of intrinsic factor were carried out in the patients with pernicious 
anemia and postgastrectomy megaloblastic anemia. Two of the patients with pernicious 
anemia (Cases 6 and 7) were further studied for observation of the effect of double (30 mg.) 
and quadruple (60 mg.) doses of intrinsic factor. The effect of adding 70 ml. of 10 per cent 
calcium gluconate to the radioactive vitamin B,, was studied on 6 occasions in Case 10. 
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‘fp Dose Excreted in Urine 
Fig. 1. Results of 6 Schilling tests alone (|) and 6 with a single dose of intrinsic factor 
({) in each of 5 patients with pernicious anemia (Cases 1 through 5). The vertical line 
at 7.5 per cent dose excreted in the urine delineates the abnormal from the normal results. 


Results and analysis 


The results are recorded in diagrammatic form in Figs. 1 through 3 and 
the details are given in Tables I through IV. 

Patients with pernicious anemia. In these patients (Cases 1 through 7) the 
results of the Schilling tests range from 0 to 6.9 per cent, agreeing with the 
accepted range of 0 to 7.5 per cent.t Because of the small number of patients 
in this group it was considered inadvisable to carry out further comparisons with 
other published results. 

When the tests were performed with a single dose of intrinsic factor in 
Cases 1 through 7 the mean values of the 6 tests in each patient were all greater 
than 7.5 per cent and significantly different (P < 0.01) from the mean values of 
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Table I. Mean values of Schilling tests with and without single dose of intrinsic 
factor in 7 patients with pernicious anemia (Cases 1 through 7) and 2 patients 
after they had undergone total gastrectomy (Cases 8 and 9) 





Schilling tests (% dose excreted) 
{ 7 





Without imtrinsic With intrinsic 








| factor | factor 

Case | Standard | Standard 
No. Mean deviation | Mean | deviation 

1 2.3 1.1 11.7 2.4 

2 4.1 1.4 13.1 2.2 

3 0.7 al 11.0 2.8 

4 4.9 1.8 9.9 2.0 

5 2.9 1.2 11.6 3.7 

6 hd 1.6 8.0 3.0 

7 1.4 1.2 9.7 3.3 

8 1.5 1.6 7.5 3.4 

9 2.4 1.2 6.5 3.4 





Each value is derived from 6 observations without intrinsic factor and 6 observations with 
a single dose of intrinsic factor on each patient. 


Table IIT. Mean values of Schilling tests with double and quadruple doses of 
intrinsie factor in 2 patients with pernicious anemia (Cases 6 and 7) 





Schilling tests (% dose excreted) 


| 














| With double dose intrinsic factor | With quadruple dose intrinsic factor 

Case No. ~ Mean | Standard deviation | Mean | Standard deviation 
6 9.4 1.0 20.0 2.8 
7 11.1 4.1 14.1 4.2 





Each value is derived from the results of 6 observations with each dose of intrinsic factor 
on each patient. 

the tests without intrinsie factor in the same patients. Nevertheless, out of the 
42 tests in which a single dose of intrinsic factor was given, 4 subjects had 
values of less than 7.5 per cent—Case 3, 7.3 per cent; Case 6, 2.8 and 6.2 per 
cent; Case 7, 4.3 per cent. When Cases 6 and 7 were tested with a double dose 
of intrinsie factor the mean values of the 6 tests in each patient were slightly, 
but not significantly, greater than the mean values of the tests with a single dose 
of intrinsic factor, and one of the 12 values was less than 7.5 per cent (Case 6, 
4.2 per cent). When a quadruple dose of intrinsic factor was used the mean 
values of the 6 tests in Case 6 were significantly greater (P < 0.01) than the mean 
values of the tests with a single or double dose of intrinsic factor; Case 7 also 
showed an increase in the mean values of the 6 tests, but this was not significantly 
different from the mean values of the tests with a single or double dose of in- 
trinsic factor. No individual result below 7.5 per cent was found when a 
quadruple dose of intrinsic factor was used. An analysis of variance shows that 
Cases 6 and 7 reacted in significantly different ways to the increasing doses of 
intrinsic factor—Case 6 had a smaller mean value for the tests with a single 
and double dose of intrinsic factor than did Case 7, but had a higher mean 
value in the tests with a quadruple dose of intrinsic factor. 
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Fig. 2. The results of 6 Schilling tests alone (|) and 6 each with a single, double, and 
quadruple dose of intrinsic factor (|) in 2 patients with pernicious anemia (Cases 6 and 7). 


The uppermost results represent the single dose of intrinsic factor, the lowermost, the quad- 
ruple dose of intrinsic factor in each case. The vertical line at 7.5 per cent dose excreted 
in the urine delineates the abnormal from the normal results. 


Table IIT. Mean values of Schilling tests with and without intrinsie factor in 
7 patients with pernicious anemia (Cases 1 through 7) and in 2 patients after 
they had undergone total gastrectomy (Cases 8 and 9) 





Schilling tests (% dose excreted) 








| With single dose of intrinsic 
| factor 


Without intrinsic factor 








Cases Mean | ; Mean 
1-7 2.57 10.70 
8 and 9 1.92 * 6.98 





Each value is derived from 6 observations without intrinsic factor and 6 observations with 
a single dose of intrinsic factor on each patient. 


Table IV. Mean values of Schilling tests with and without oral calcium in a 
patient with celiae disease 





Schilling tests (% dose excreted) 











Without calciwm With calcium 
Case Mean Standard deviation Mean Standard deviation 
10 5.2 3.8 4.9 3.2 





Each value is derived from 6 observations without calcium and 6 observations with cal- 
cium. 
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Patients after performance of total gastrectomy. The results of the Schilling 
tests in the 2 patients who had undergone total gastrectomy (Cases 8 and 9) 
are in keeping with the values obtained in Cases 1 through 7, and the mean 
values of the 2 groups are not significantly different. With a single dose of 
intrinsie faetor Cases 8 and 9 each had 3 results greater and 3 results less than 
7.5 per cent. The mean values were 7.5 per cent in Case 8 and 6.5 per cent 
in Case 9: there is a highly significant difference (P < 0.01) between the mean 
values of the tests with a single dose of intrinsic factor in the patients with 
pernicious anemia (Cases 1 through 7) and the patients who had undergone 
total gastrectomy (Cases 8 and 9). 

The patient with celiac disease. The 6 Schilling tests in Case 10 gave a wide 
range of results. Three were greater and 3 less than 7.5 per cent, the mean value 
being subnormal at 5.2 per cent. When the tests were performed with calcium 
gluconate the mean value was 4.9 per cent and only one result was greater 
than 7.5 per cent. 
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Fig. 38. The results of 6 Schilling tests alone (|), 6 with a single dose of intrinsic factor 
(|) in 2 patients after total gastrectomy (Cases 8 and 9), and with oral calcium (|) in a 
patient with celiac disease (Case 10). The vertical line at 7.5 per cent dose excreted in the 
urine delineates the abnormal from the normal results. 


Particular attention was paid to the possibility of a progressive increase 
or decrease in the excretion of urine radioactivity in individual patients during 
the investigation for two reasons. First, because it was possible that the patients 


had become refractory to the intrinsic factor used, and second, because the 
repeated injections of vitamin B,, might have modified the excretion of 
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radioactivity over the period of the investigation. This did not oceur, and there 
was no evidence of a significant rise or fall, over the period of investigation, 
in the urine radioactivity whether the tests were performed alone, with intrinsic 
factor, or with calcium gluconate. 


Discussion 


The conduct of the test is essentially that deseribed by Schilling.© The 
term ‘‘Schilling test’’ is used loosely, as modifications have been introduced 
by several writers, notably in respect of the mass of radioactive vitamin B,,. 
given orally and the mass and timing of the intramuscular vitamin B,.. The 
results probably depend on these factors‘ and it must be stressed that our 
results and interpretations can only be compared with results from tests con- 
ducted on similar lines. 

Our results show that the test is reproducible and confirm the view that the 
Schilling test is a reliable method of detecting malabsorption of vitamin B,, 
in patients with Addisonian pernicious anemia and in those who have under- 
gone total gastrectomy. The results in the patient with celiac disease suggest that 
a single Schilling test may not be a reliable or reproducible measure of the 
patient’s ability to absorb vitamin B,, in this disease and that repeated tests 
may be necessary to assess this function. 

The results of the tests with intrinsic factor in the patients with pernicious 
anemia are interesting. The single dose of intrinsic factor was adequate in that 
it produced a normal mean value in all patients, but there were 4 misleading 
or ‘‘false negative’’ individual results out of the 42 tests. Three of these 
‘false negative’’ results were obtained in 2 patients who were then further 
investigated with a double and quadruple dose. When the double dose was used 
the mean value was again normal, but one of the 12 individual results was mis- 
leading. When a quadruple dose was used there were no misleading individual 
values in 12 tests. These findings raise the possibility that the effect of intrinsic 
factor differs not only from patient to patient but also in the same patient at 
different times. The results also suggest that the test would be entirely reli- 
able provided that the dose of intrinsic factor is adequate. The difficulty of 
assessing the adequacy of a dose of intrinsic factor is clearly demonstrated by 
the results and it follows that repeated testing with intrinsic factor may be 
necessary to establish a diagnosis of ‘intrinsic factor deficiency. We accepted 
values of less than 7.5 per cent dose excreted when intrinsic factor was given 
as misleading or false negative results because we believe that, in clinical 
practice, it is advisable to have a definite, if rather arbitrary, value to delineate . 
the normal from the subnormal result. It could be argued that such an attitude 
is unnecessarily rigid and that all that is required to demonstrate the effect of 
intrinsic factor is a significant rise in the excretion of urinary radioactivity 
when intrinsic factor is added, in which case some of these results might not be 
classified as misleading. However, the problem of deciding whether or not 
an inerease is significant is obviously extremely difficult in any one ease, and 
we prefer to adopt the former course, believing it to be less liable to 
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misinterpretation and more satisfactory in clinical practice. In making this 
decision we are much influenced by the range of values obtained in Cases 1 
through 7, when the tests were done without intrinsic factor. 

The Schilling test is often used in a quantitative or semiquantitative manner 
in assay of intrinsic factor preparations. This has its basis in the observation’ 
that there is a correlation between the amount of radioactivity excreted in the 
urine and the amount actually absorbed, as deduced from fecal collection of 
the unabsorbed radioactive vitamin B,.. Our results suggest that the test may 
be of doubtful value when used in this manner. The wide range of values 
obtained in the tests with a single dose of intrinsic factor in each individual 
shows how misleading the results of a single test can be if interpreted quantita- 
tively, and the finding that there is no significant difference between the mean 
values of the tests with a single dose of intrinsic factor and those with a double 
dose, as in Cases 6 and 7, is good evidence of this. Additional evidence is the 
nature of the response in Cases 6 and 7 to increased doses of intrinsic factor. 

In presenting these facts it is not necessarily implied that they are to be 
taken as evidence against there being a stoichiometric relationship between the 
amount of B,. absorbed and the amount of intrinsic factor given. The evidence 
for this relationship was drawn from the results of fecal excretion studies. It 
would be unwise to compare the results obtained by very different methods, 
particularly when one is an indirect method of assessing absorption. It is 
suggested, however, that further study of this point is desirable. 

The results obtained with the patients who had undergone total gastrectomy 
are particularly interesting in relationship to those found with the patients with 
pernicious anemia. Theoretically, these patients have an absorption defect 
comparable to that seen in pernicious anemia, and the defect should be rectified 
by intrinsic factor. In 5 out of 12 tests with a single dose of intrinsic factor, 
however, the absorption defect was not corrected, and the mean values for 
these patients were significantly less than those for the patients with pernicious 
anemia. This cannot be regarded as a serious diagnostic problem, but it is 
evidence that the absorption defect in such patients is not entirely comparable 
to that seen in pernicious anemia. It is possible that these patients have a 
greater need for intrinsic factor than patients with pernicious anemia, but 
preliminary investigations do not suggest this view. Further studies on this 
subject are in progress. 

Comment has already been made on the wide scattering of results in Case 
10. In our experience this case is not exceptional, and an important diagnostic 
error may arise as a result of this phenomenon unless this is borne in mind. 
The error arises as follows: a patient is tested and a value of less than 7.5 per 
cent is obtained, a second test is done with intrinsic factor and a value of more 
than 7.5 per cent is obtained, and the diagnosis of pernicious anemia is made. 
Such results could of course occur in patients with celiac disease, whether in- 
trinsic factor were added or not, and the error will not be discovered unless 
repeated tests are performed. Experience has shown us that this error does 
occur in practice. The lack of response when the tests are repeated with oral 
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calcium is disappointing in view of the report suggesting that calcium aug- 
ments the absorption of B,. in celiac patients. The wide range of values 
obtained on this patient might be explained on the basis that the patient’s 
ability to absorb vitamin B,. was changing from test to test. Whether this 
is the explanation for the results or whether the results simply show that the 
test is not reproducible, it is obvious that a single test is unlikely to be a valid 
measure of such a patient’s ability to absorb vitamin B,.. Repeated tests are 
probably necessary to assess this function. 

When the patients with pernicious anemia were test¢d with intrinsic factor 
there was evidence that the effect differed not only from patient to patient but 
also in the same patient at different times. The test with intrinsic factor was re- 
liable only if the dose was adequate, and there is some difficulty in assessment 
of this. The test was of little value when used in a quantitative manner. 

The absorption defect seen in the 2 patients who had undergone total 
gastrectomy differed from that found in the patients with pernicious anemia. 

A wide range of results was obtained in the patient with adult celiac 
disease and oral calcium did not increase the absorption of vitamin B,.. The 
implication of this finding has been described. 


We are grateful to Dr. J. A. W. McCluskie and Sir Derrick Dunlop for their advice 
and criticism, to Professor E. J. Wayne for facilities in his department, to Dr. R. A. Robb 
for his advice on the statistical problems, to Dr. W. L. Williams, Lederle Laboratories, Inc., 
Pearl River, N. Y., for the gift of intrinsic factor, to the Regional Physics Department, 
Western Regional Hospital Board, for the gift of the Co58-labeled vitamin B,., and to 
Sister C. F. Calder for her assistance with the conduct of the tests. 
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The in vitro incorporation of nucleic acid precursors 
into leukemic human leukocytes. I. Methodology and 


effects of therapy on incorporation in vitro 


ANNA M. WILLIAMS, PuH.D., and ROBERT F. SCHILLING, M.D. 


Madison, Wis. j 


Methods are described for an assay system utilizing the in vitro incorporation of several 
nucleic acid precursors into nucleic acid bases of leukemic human leukocytes. Values 
for the incorporation of adenine-8-C14 into 2 nonleukemic patients, 3 with chronic 
lymphatic leukemia, and 7 with chronic granulocytic leukemia are given and compared 
with their differentials. The variation in incorporation of 3 precursors by leukocytes 
drawn from 2 leukemic patients before and after x-radiation was determined. 
Specific activities did not change markedly until there was a definite drop in total 
white count and significant changes in the differential to more mature forms. There were 
then small decreases in specific activities of ribonucleic acid bases and large decreases in 
those of deoxyribonucleic acid bases. 


W. have investigated the incorporation of various nucleie acid pre- 
cursors into human leukemie white blood cells in vitro for two purposes: first, 
to attempt to develop an assay system which could be used to test the action 
of therapeutic agents in vitro, and to test the effects of in vivo therapy on 
peripheral white blood cells (if these effects were manifested in vitro); second, 
to investigate some aspects of nucleic acid metabolism in these cells, with the 
idea of using this information in studies of resistance to certain agents used 
in treatment of leukemia. The more detailed studies of nucleic acid metabolism 
will be published elsewhere.t In the present manuscript, we wish to describe 
an assay system and its use in measuring the variation in incorporation by 
white blood cells drawn before and after roentgen treatment of leukemic 
patients. In a subsequent manuscript, we shall tabulate the effects of various 
chemotherapeutie agents in vitro. 
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Methods 


Preparation and incubation of leukocyte suspension. Heparinized blood was removed 
by venipuncture from leukemic patients having white blood counts of 75,000 to 400,000 
cells per cubic millimeter. The blood was allowed to settle at 3° C. for 1 hour, after which 
the leukocyte-plasma layer was removed by aspiration and centrifuged for 5 minutes in a 
clinical centrifuge at 1,470 g. The cells were washed in saline, thrice their volume, centri- 
fuged, and suspended in Robinson’s salts mixture? supplemented with 100 mg. per cent 
glucose and 209 mg. per cent sodium bicarbonate. Duplicate 60 ml. Warburg vessels, each 
containing 4 to 6 by 108 cells in 12 ml. medium plus radioactive precursor, were incubated 
at 38° C. in a 95 per cent air: 5 per cent carbon dioxide atmosphere. The incubation was 
stopped at 30 to 240 minutes by removal of the flasks to an ice bath and the addition of 
1 ml. of 2.6 M perchloric acid (PCA). 

Separation of acid-soluble and nucleic acid fractions. Operations up to the extraction 
of nucleates in hot NaCl were performed in the cold. Extractions were carried out in 15 
ml. centrifuge tubes with centrifugation in a clinical centrifuge at 1,470 g. The contents 
of the flasks were centrifuged for 5 minutes and the acid-insoluble residues were washed 2 
times with 2 ml. portions of cold 0.2 M PCA. In some studies the acid-soluble supernates 
from the first extraction and wash were pooled for analysis of acid-soluble compounds. 


The extraction of sodium nucleates from the acid-insoluble residue and the sep- 
aration of ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) were essentially 
as described by Hurlbert and Potter.3 The acid-insoluble centrifugate was suspended in 
1.0 ml. 10 per cent NaCl plus 1 drop 0.4 per cent phenol red, and adjusted to the color of 
Merthiolate with NaOH made up in 10 per cent NaCl. Adjustments of pH were made in 
an ice bath and back-titrated with HCl made up in 10 per cent NaCl, if necessary. After 
centrifugation for 5 minutes, the centrifugate was extracted with 2.0 ml. 10 per cent 
NaCl for 30 minutes at 100° C. and centrifuged for 10 minutes. The centrifugate was re- 
extracted for 30 minutes at 100° C. The supernates from the 3 extractions were pooled in 
a centrifuge tube and chilled. Ninety-five per cent ethyl alcohol, thrice the volume of the 
supernates, was added, and the mixture was allowed to stand 4 hours or longer in the cold. 

The precipitated sodium nucleates were centrifuged, suspended in 0.5 ml. of 0.1 N NaOH, 
and incubated 16 hours at 38° C. The tubes were then chilled, and 0.35 ml. H,O plus 
0.15 ml. of 1.0 N HCl was added. The DNA precipitate was centrifuged in the cold and 
washed once with 0.5 ml. 0.1 N HCl. This wash was added to the RNA supernate. The 
DNA precipitate was redissolved in 0.5 ml. of 0.1 N NaOH and heated at 80° C. for 20 
minutes. The precipitation of DNA was carried out as before, but this time the 0.1 N HCl 
was discarded. 


Isolation of purine bases of RNA and DNA. The DNA precipitate was suspended 
in 1.0 ml. of 1.0 N HCl and the RNA supernate was made 1.0 N, with respect to HCl, 
by adding 0.15 ml. 10 N HCl and making the volume 1.5 ml. with H,O. The tubes were 
then heated for 1 hour at 100° C., cooled, diluted to 4.0 ml. with H.O, and poured on 0.8 
by 1.5 em. Dowex-50 columns. To remove pyrimidine nucleotides, the following fractions 
were allowed to drip through and were discarded: sample, 3 ml. H,O rinse of tube, 2 
ml. 1.0 N HCl. The purine bases were then eluted with 4 ml. 3.0 N HCl (guanine) and 
6 ml. 6.0 N HCl (adenine), collected in 10 ml. beakers, and taken to dryness in a vacuum 
desiccator at room temperature. The contents of the beakers were taken up in 0.1 ml. 
0.1 N HCl, spotted on Whatman No. 1 paper, and chromatographed by descending chroma- 
tography on the isoamyl-disodium phosphate system of Carter.4 The purines were de- 
tected under ultraviolet light and the spots were cut out and eluted in HCl at 37° C. as 
follows: adenine in two 2 ml. portions of .01 N HCl for 1 hour and for 30 minutes; guanine 
in 1 ml. 0.1 N HCl for 2 hours, and then in 2.5 ml. .01 N HCl for 1 hour. The quantity 
of base present was determined by measurement of ultraviolet absorption in the Beckman 
spectrophotometer, and suitable aliquots (usually 0.5 ml.) were plated on aluminum 
planchets for measurement of radioactivity in a flow counter. 
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Isolation of pyrimidine nucleotides of RNA and pyrimidine bases of DNA. The pro- 
cedure was the same as for the isolation of purines, through the method of separation of 
RNA and DNA. Methods for RNA were essentially as described by Edmonds and LePage.5 
The RNA supernatant was hydrolyzed and poured on Dowex-50 columns as described for 
purines. The sample effluent, a 2 ml. H,O fraction, and a 4 ml. 2 N HCl fraction were 
collected for each sample in a 20 ml. beaker. This treatment removed pyrimidine nucleo- 
tides but left adenine and most of the guanine on the column. The subsequent procedure 
was the same as for purines, except that the isopropyl-HCl system of Wyatt® was used for 
paper chromatography. 

Seventy per cent perchloric acid, 0.2 ml., was added to each tube of DNA precipitate.é 
The tubes were heated at 100° C. for 60 minutes, cooled, and diluted to 0.5 ml. with water. 
They were placed in an ice bath, and 10 N KOH was added in drops until no more pre- 
cipitate formed. The samples were then centrifuged and the supernatants were removed 
by aspiration, made up to 4 ml. with water, and poured on 0.8 by 2.0 em. Dowex-50 columns. 
The subsequent procedure was the same as for RNA pyrimidines. 

Isolation of DNA from thymidine-H3 incorporations. The precipitated sodium nucleates 
(see above) were dissolved in 0.5 ml. 0.1 N NaOH and heated 20 minutes at 80° C. The 
tubes were chilled, and 0.35 ml. H,O plus 0.15 ml. 1.0 N HCl was added. The DNA pre- 
cipitate was centrifuged 10 minutes in the cold and washed once with 0.5 ml. 0.1 N HCl. 
It was then dissolved in 0.5 ml. concentrated formic acid; 0.2 ml. was pipetted into a tube 
for DNA determinations by the Dische diphenylamine method,? and 0.2 ml. was plated on 
an aluminum planchet for measurement of radioactivity in a flow counter. 

Isolation of protein from glycine-2-C14 incorporations. After the initial extraction 
and 2 washes with 0.2 M PCA (see above), the acid-insoluble fraction was heated in 4 
ml. 0.4 M PCA at 100° C. for 30 minutes to hydrolyze nucleic acids.s The residue after 
centrifugation was washed once with 4 ml. 0.4M PCA and then dissolved in 0.5 ml. concen- 
trated formic acid; 0.2 ml. was plated on an aluminum planchet for measurement of radio- 
activity in a flow counter. 

Presentation of data. For direct comparison of all experiments, specific activity 
values have been calculated for a precursor specific activity of 2 by 106 e.p.m. per micro- 
mole. Adenine-8-C14 of 1 to 2 by 106 ¢.p.m. per micromole, glycine-2-C14 of 2 by 106 ¢.p.m. 
per micromole and thymidine-H’ of 0.5 by 106 ¢.p.m. per micromole were used. 


Table I. Incorporation of adenine-8-C™ into human leukocyte suspensions 




















c.p.m./pM 

| RNA | DNA | RNA | DNA 

Patient Disease Minutes Adenine | Adenine | Guanine | Guanine 
A. W. Normal 60 Lie 6B. 117 B.L. 
120 974 BL. 206 B.L. 
M.S. Granulocytosis 60 2,590 B.L. 135 B.L. 
A.N. CLL 60 58,200 B.L. — — 
W. H. CLL 60 17,400 609 531 B.L. 
120 25,200 467 316 B.L. 
B. L. CLL 120 24,400 126 947 111 
J.M. CGL 60 9,480 213 2,040 68 
D.C. CGL 120 16,700 506 951 83 
C. Fr. CGL 60 13,300 556 402 280 
120 21,400 1,220 1,370 t44 
C.L. CGL 60 25,200 825 1,030 54 
C. Fo. CGL 60 17,000 992 1,770 116 
R. H. CGL 60 34,400 1,030 1,370 49 
A.M. CGL 60 26,600 2,860 2010 350 














*B.L. = background level. 
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Results 


Table I gives values for incorporation of adenine-8-C™ into nucleie acid 
components by suspensions from leukemic patients before treatment, a normal 
subject, and a patient with a high granulocyte count of unknown etiology 
(total W.B.C. = 69,000; 81 per cent mature neutrophils). There was no sig- 
nificant incorporation into DNA by the normal subject or by the patient with 
a high count of mature neutrophils, and incorporation into RNA was much 
lower than it was with leukemic suspensions. With the 3 chronie lymphocytic 
leukemia (CLL) suspensions, the radioactivity of DNA adenine was in the 
lower range of chronic granulocytic leukemia (CGL) values at 60 minutes, 
but at 120 minutes this labeling (along with that for, RNA guanine) had not 
inereased. As is shown in Tables I (C. Fr.) and II, specifie activities of DNA 
adenine with CGL suspensions increased almost linearly between 1 and 2 hours. 
The low nonlinear labeling with the CLL suspension is perhaps a base exchange 
or ‘‘renewal’’ reaction not involving actual synthesis of DNA. 
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WEIGHTED PERCENTAGES IMMATURE CELLS 


Fig. 1. Weighted percentages of immature cells versus specific activity of DNA adenine 
with leukocyte suspensions from chronic granulocytic leukemia. 


The incorporations into CGL blood in 60 minutes have been arranged in 
order of values for DNA adenine. Weighted percentages of immature cells 
were calculated for the 7 CGL patients from the actual percentages as fol- 
lows: metamyelocytes were given a weight of 1.0, myelocytes 1.5, promyelocytes 
2.0, and blast cells 2.5. When the total weighted percentages are plotted against 
the specific activities of DNA adenine (Fig. 1), only the value for Patient 
R. H. falls out of line. However, in this short series of CGL patients, all with 
high total leukocyte counts and significant numbers of immature cells, it 
would be premature to make any definite statement of correlation between 
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certain types of immature cells and the degree of incorporation into DNA. 
Incorporation into RNA adenine and guanine, on the other hand, did not seem 
to depend on the immaturity of the cells. 

Using thymidine-H*® and stripping film autoradiography, Bond and as- 
sociates? found that this DNA precursor was incorporated well into the blood 
cells of patients with acute or chronic myelocytic leukemia, but not into the 
small typical leukemia cell of CLL. There were only small numbers of labeled 
cells in normal blood. Wells and Winzler’® found that formate was incor- 
porated into DNA thymine by CGL suspensions, but not to any extent by CLL 
suspensions. Since our results with a few nonleukemie and CLL subjects also 
showed low incorporation into DNA, the remainder of the work to be reported 
was done with CGL suspensions. 

Table II shows comparison of the incorporation of adenine by a CGL sus- 
pension under aerobie and anaerobie conditions for 1, 2, and 4 hours. Net 
gas evolution was higher under aerobie conditions, as were specific activities 
of RNA adenine and guanine. However, although labeling of DNA adenine 
and guanine was about the same aerobically and anaerobically at 1 hour, values 
were higher anaerobically at 2 and 4 hours. It was felt that the aerobic con- 
ditions better approximated those of the blood, thus subsequent experiments 
(most of which were for 1 hour) were earried out under 95 per cent air 
plus 5 per eent CO,. 

The rate of increase in labeling was greatest during the first hour for RNA 
adenine, and during the second hour for RNA guanine. Aerobically, the in- 
corporation into DNA adenine was nearly linear for the 4 hour period. In- 
corporation into DNA guanine was low but measurable at 1 hour, and con- 
tinued to increase with perhaps a somewhat higher rate. Incorporation into 
all components for 1 and 2 hours was essentially the same with 0.5, 1.0, and 
2.0 uM adenine per flask (unpublished data). 

Table ILI shows the effect of 4 normal sera on incorporation by 4 cell sus- 
pensions. Results are expressed as the ratio of specific activities from duplicate 


Table IIT. Incorporation of 2.0 »M adenine-8-C™ into CGL leukocytes under 
aerobie and anaerobic conditions 





| c.p.m./uM, 











Suspension, Net ul DNA 
Patient R. H. evolution RNA adenine DNA adenine | RNA guanine guanine 
95% Atr + 5% CO,. 
1 hour 1,567+ 73* 48,440 + 2,060 877+ 16 1,082+ 39 42+ 2 
2 hours 2,124+ 24 76,720 + 2,110 1,869+ 36 4,839 +117 216413 
4 hours 2,973+ 22 83,080 + 2,790 3,806+ 45 7,050 + 380 711+ 9 
95% N, + 5% CO,. 
1 hour 1,088 42,110 + 1,710 845 +133 1027+ 9 37 
2 hours 1,686+ 79 67,510 + 2,010 2,704 +149 4,035 + 232 327+13 
4 hours 2,179 + 206 65,010+ 919 5,275 + 205 5,145+ 85 848 + 98 





*Variation from the mean of duplicate flasks. 
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Table III, Effect of serum on incorporation into CGL leukocytes 


Specific activity with serum 





Specifie activity without serum 











| Kaperiment 1 Experiment 2 Experiment 3 Experiment 4 
25% serum 8. 25% serum S. 25% serum C. 100% serum R. W. 

Adenine-8-C14, 

RNA adenine 1.17 1.31 1.32 1.30 

DNA adenine .64 .87 as 2 

RNA guanine .76 44 .99 ae 

DNA guanine 47 28 — _ 
Thymidine-H3. 25% serum A. W, 

DNA — 3 2 39 





Table IV. Ineorporation of 1.0 »M pyrimidine compounds compared to 
adenine-8-C™ 





Patient 
c.p.m./pM 








| | 

am - | | 
precursor | Hours | RNA cytosine | DNA cytosine | Uracil | Thymine 
Cytosine-2-C14 1 4,174+ 354* 250+ 34 608+ 10 230 +74 
2 4,504+ 142 314+ 78 3,144+ 50 412+10 
Cytidine-2-C14 1 39,440 + 2,990 824+ 32 30,760 + 650 544+10 
2 41,360 + 3,150 1,784 +110 44,480 + 430 2,224 + 54 

RNA adenine DNA adenine RNA guanine DNA guanine 
Adenine-8-C14 1 17,040 992 1,774 116 





*Variation from the mean of duplicate flasks. 


flasks containing 25 or 100 per cent serum to specifie activities from duplicate 
flasks containing the glucose-salts medium. The sera had been dialyzed 
for two 2 hour periods at 3° C. against two 100 times volume portions of the 
glucose-salts medium. Compared to control without serum, incorporation of 
adenine into RNA adenine was higher, into RNA guanine lower or unchanged, 
and into DNA adenine and guanine lower. Incorporation of thymidine-H* 
into DNA was also lower. Thus serum was not used in the assay system, since 
specific activity values for DNA wére lower and magnitude of effects on all 
nucleic acid components was variable. To test the possibility that protein 
material in the reaction mixture might be stimulatory, 1 per cent crystalline 
beef albumin was added to flasks for 1 hour incorporations of adenine and 
thymidine. However, this addition resulted in lower specific activities for 
both RNA and DNA bases. 

In another publication,' we shall describe the incorporation of purine and 
pyrimidine bases, nucleosides, and nucleotides by CGL suspensions. Adenine- 
8-C'™ was the purine precursor chosen for more detailed study of assay condi- 
tions, since it is well incorporated into both RNA and DNA and is readily 
obtainable. However, for some tests it is also necessary to have a pyrimidine 
precursor, and, except for cytosine, the pyrimidine bases are poorly 
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incorporated. The incorporation of cytosine, cytidine, and adenine by the same 
suspension is compared in Table IV. Since specific activities with cytosine are 
lower than those with adenine, we have used the nucleoside, eytidine-2-C™, in 
our assay system. Under the conditions deseribed for adenine, cytidine is well 
incorporated into both RNA and DNA. 

In addition to studying the effects of chemotherapeutic agents on leuko- 
cytes in vitro, we wished to determine if the assay system could be used for 
detecting changes which might be measured in vitro following in vivo therapy 
with radiation or drugs. In was thus necessary to investigate the variation 
in incorporation by suspensions of leukocytes drawn from a patient during 
several days before treatment. Results are given in Experiment 1 of Table 
V, and show that, with careful standardization of methods, reasonably good 
replication over a period of several days can be expected. Patient A. M. was 
treated with x-radiation each day for 6 days. Blood was withdrawn at 6 and 
24 hours after start of treatment to determine if x-radiation affected the in 
vitro incorporation of the white cells before marked changes occurred in the 
total count and in the differential, which are given in Table VI. Total count 
and percentage of immature cells began decreasing gradually after the fourth 
posttreatment day, but the differential did not change greatly until the 
seventh day, when the percentage of blast cells had dropped from 24 per cent 
on the previous day to 8 per cent. No marked change over pretreatment 


Table VI. Differentials of patients used for x-radiation studies 



































Patient A. M.* Patient C. Fr.t 
Before After Before After 
3 days | 24hours| 7 days | 1 day 1 day | 2 days | 5 days 

Total leukocytes 

(x 103/mm.? ) 412 485 164 178 198 101 41 
Neutrophils 32.8 30.6 41.6 50.2 56.2 59.8 81.4 
‘Eosinophils 2.0 1.4 1.0 1.2 1.4 1.4 2.0 
Basophils 0.4 0 0.2 0 0 0 0 
Monocytes 4.2 6.2 11.2 0.4 0 0.2 5.2 
Lymphocytes 3.8 1.0 6.0 1.4 1.6 Ls 1.8 
Young or atypical 

lymphocytes 0 0. 0 0 0.2 0.2 0 
Metamyelocytes 6.6 5.8 9.0 20.0 9.6 12.0 7.4 
Myelocytes 22.8 17.6 19.0 17.4 25.0 21.6 1.0 
Promyelocytes 0.8 0.8 0.4 1.0 0.2 0 1.0 
Blast cells 23.6 32.6 8.0 6.4 5.4 3.0 0.2 
Normoblasts 0.6 1.4 0.2 0 0 0.4 a 
Pathologie and un- 

classified 3.4 2.6 3.4 0.8 0.4 0.2 0 
% Above line 43.2 39.2 60.2 53.2 59.4 62.8 85.2 
% Below line 56.8 60.8 39.8 45.6 40.6 37.2 14.8 





*Patient A. M., a 64-year-old man, received x-radiation to the spleen on 6/30, 7/1, 7/2, 
7/3, 7/5, and 7/7. 

+Patient C. Fr., a 32-year-old woman, received x-radiation to the spleen on 5/27, 5/28, 
5/29, and 6/1. 
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values for the incorporation of adenine occurred except in the 7 day sample; 
RNA adenine and guanine were lower, but the largest changes were in DNA 
adenine and guanine, which were only 23 and 18 per cent of corresponding 
values for the 24 hour sample. The incorporation of thymidine-H* into DNA 
was also determined as a measurement of DNA labeling without concomitant 
labeling of RNA. As with the ineorporation of adenine into DNA bases, 
there was no marked change until the significantly lower radioactivity of the 
7 day sample. Incorporation of glycine into protein decreased somewhat at 
24 hours, with a definitely lower specific activity at 7 days. 

In Experiment 2 of Table V, a patient receiving x-radiation was studied 
until the ratio of mature to immature cells was greater than that for the 7 day 
sample of Experiment 1. The incorporation of glycine into protein and 
adenine into RNA adenine did not change significantly until the 5 day sample; 
values for RNA guanine were about the same for all samples. On the second 
day after treatment, specific activities of DNA adenine and guanine had de- 
creased to 48 and 43 per cent of the values for the first posttreatment day 
and, on the fifth day, to 18 and 24 per cent of the first day values. Although 
there was not such a marked change in the differential between the first and 
second days (Table V1), the total count decreased by about 50 per cent. 

These results demonstrate that blood leukocytes from patients being treated 
with x-radiation do not change greatly in the ability to incorporate the above 
precursors until a significant change in total count and differential has oc- 
eurred. 


Discussion 


Various other workers have studied the in vitro incorporation of nucleic 
acid and protein precursors into human leukoeytes. Hamilton™' incubated 
leukocytes from patients with acute myelogenous leukemia with C**-labeled 
adenine, guanine, and 2, 6-diaminopurine for 4 hours in homologous plasma. 
Seott and associates’? studied the incorporation of C'-labeled adenine, glycine, 
and formate into DNA and RNA bases of normal and leukemic leukocytes during 
+ and 8 hour ineubations in 50 per cent normal serum—Hanks’ solution. They 
found no effect of 6-mereaptopurine or its riboside on the incorporation of 
adenine or glycine, but an inhibition of formate incorporation by amethopterin. 

Winzler and colleagues’’ '* '* have measured the incorporation of C**- 
labeled formate, glycine, adenine, orotic acid, uracil, and thymine into RNA 
and DNA bases of normal and leukemie cells suspended in glucose-supplemented 
normal serum. They have particularly studied the incorporation of formate 
and its inhibition by amethopterin.'® Winzler and associates’ also measured 
the effect of a number of drugs on the ineorporation of formate-C'* and 
glycine-1-C™* into the gross protein plus nucleie acids fraction of leukocytes, 
and concluded that this system did not lend itself to the screening of potential 
chemotherapeutic agents. No correlation could be made between clinical and 
in vitro effects of chemotherapeutic agents used in the treatment of leukemia, 
and most of the compounds investigated had little or no effect on incorporation 
of either formate or glycine into the gross cell fraction isolated. 
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We have not been interested primarily in a quick sereening method for 
potential antileukemie drugs, but rather in devising a system to investigate 
effects of chemotherapeutic agents on various parameters of nucleic acid 
metabolism. Most of our studies have been with a chemically defined medium 
for 1 or 2 hour periods, during which time measurable incorporation into 
RNA and DNA occurred without gross degradation of acid-soluble compounds 
by eatabolic reactions,' and without the necessity of sterility control. The 
medium is more reproducible than one requiring serum, and the system can 
also be used for investigating normal and pathologie sera. We are particularly 
interested in testing compounds, such as alkylating agents, which are not 
obvious antipurine or antipyrimidine drugs. Information obtained, it is 
hoped, ean be used in studies on both the mechanism of drug action and the 
resistance of leukemic cells to these agents. 


We wish to express our appreciation to Elaine Joranger for technical assistance. 
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A new hemoglobinopathy of 


unusual genetic significance 


PAUL R. McCURDY, M.D.,* HOWARD PEARSON, M.D.,** and 
PARK 8S. GERALD, M.D.*** Washington, D. C., and Boston, Mass. 


A 47-year-old Negro man is described whose hemolysate contains 4 major hemoglobin 
components. By starch and agar electrophoresis, recombination experiments, and 
‘*fingerprinting’’ technique, these components are (1) normal hemoglobin A,, (2) a 
new variety of hemoglobin D (alpha chain abnormal), (3) hemoglobin C (beta chain 
abnormal), and (4) a hybrid of hemoglobins D and C (alpha and beta chains abnormal). 
The subject had a mild, slightly uncompensated hemolytic anemia to which no symptoms 
weré attributable. The biochemical data concerning his hemoglobin are compatible 
with the hypothesis that synthesis of alpha and beta chains is under the control of at 
least 2 separate genes, but the combination of these chains to form the whole globin 
portion of the hemoglobin molecule is governed more by biochemical than genetic laws. 


ies the introduction of electrophoretic methods for the differentiation of 
sickle from normal hemoglobin, a wide variety of human hemoglobins has been 
described. Sickle hemoglobin is now known to differ from normal hemoglobin 
by the substitution of a single amino acid residue (valine for the normal glu- 
tamiec acid) in the globin portion of the sickle hemoglobin molecule.* The globin 
portion of the normal hemoglobin molecule is composed of 2 types of polypeptide 
chains termed alpha and beta. There are 2 alpha and 2 beta chains in hemo- 
globin A,.° Thus, by chemical shorthand, this hemoglobin may be written 
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a2B. (the subseript ‘‘2’’ has the same significance as it does in HO). It has 
been proposed that the synthesis of each kind of chain is under separate genetic 
control but that their combination after synthesis to form the final hemoglobin 
molecule may be a function of biochemical rather than genetic processes.* 


The elegant work of several investigators, notably Itano and associates* and 
Hunt and Ingram,° has demonstrated that the amino acid substitutions re- 
sponsible for the abnormal hemoglobins S and C reside in the beta chains while 
the alpha chains are normal. In the abnormal hemoglobins I and Hopkins-2, 
the alpha chains are abnormal while the beta chains are normal. MHenee, ab- 


normal hemoglobins can result from mutation of genes controlling the synthesis 
of either the alpha or the beta chain. 

According to this coneept it should be possible for an individual to inherit 
simultaneously a gene for an alpha as well as a beta chain abnormality. Such 
a person would form 4 hemoglobins, one completely normal, one containing 
abnormal beta chains along with normal alpha chains, one containing abnormal 
alpha chains and normal beta chains, and one with both chains abnormal. The 
discovery of a patient with 4 major hemoglobin components and the elucidation 
of the structural abnormalities in the molecular species of these components 
form the substance of this report. The findings in this patient support these 
recent concepts concerning the mechanism of hemoglobin synthesis and structure. 


wWe, “Oy” — 








Fig. 1. Peripheral blood smear from Patient J. E. (Wright’s stain. Original magnification 
x930). 


Case report 


-atient J. E. (DCGH No. 62448), a 47-year-old Negro man, was admitted to District 
of Columbia General Hospital complaining of abdominal pain. He had been injured in an 
accident 2 years previously. At another hospital, a ruptured spleen was removed and even- 
tration of the diaphragm repaired. The spleen weighed 413 grams which included a large 
hematoma. Microscopic sections* contained no specific lesions. The pathologic diagnosis 
was splenomegaly of undetermined origin with acute rupture secondary to trauma. The 


*We are grateful to Dr. R. F. McGuire, Pathologist, Prince Georges County Hospital, 
Md., for these data. 
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patient also sustained a fracture of the left leg. Chronic osteomyelitis, resistant to anti- 
biotic and conservative treatment, developed subsequently at the fracture site. The past 
and family histories were noncontributory. 
There were few positive findings during physical examination at the time of admis- 

A laparotomy scar and the draining sinuses over the left thigh were present. The 
left kidney was abnormally motile. 


sion. 


Clinical and laboratory evaluation, including x-rays 
of the gastrointestinal tract, gall bladder, and kidneys, was normal except for ptosis of 
the left kidney and a redundant, rather atonic, colon. Mild 
largely alleviated by therapy with Senoket.* 
cell count and differential normal. 


abdominal discomfort was 
The hematocrit was 38 per cent and the white 
Red cell morphology was strikingly abnormal (Fig. 1). 
There were target and folded cells, microspherocytes, and cells containing elongated hemo- 


globin crystals. Because of this abnormal morphology, further studies were undertaken. 


Table J 








Procedure Normal Patient J. E. | Comment 

Hematocrit 47+5 38 
Mean corpuscular volume 87+5 72 
Mean corpuscular hemoglobin concen- 

tration 32-36 32 
Reticulocyte count (per cent) 0.5-1.5 1.8 
Siderocytes (peripheral blood ) 2% 25-30% 
Serum iron 80-140 123 
Unsaturated iron—binding capacity 140 


Per cent saturation of iron—binding 
protein 30% 


47% 
Plasma T14 Fe59 60-150 53 
Plasma iron turnover (mg./Kg./day) 0.45+0.11 1.03 2x normal 
Red cell Fe59 uptake 80-100% 74% 
Red cell mass (ml./Kg.) 28-30 26 ; 
Observed T% Cr51-tagged red cells (days) 28-32 16 
Corrected T1%4 Cr51 (days)6 24.5 
Mean cell life (days)é 35 1/3 normal 





*We are grateful to Dr. Neal Barrett, Walter Reed 


Army Medical Center, Washington, 
D. C., for these studies. 


Methods 


Routine hematologic observations were done by standard methods.6 The technique 


of Huff? for measuring plasma iron turnover was modified by injecting the tracer dose of 
Fe59 citrate (Ferrutopet) directly into the blood 


obtained 20 to 60 minutes later and 2 ml. aliquots counted in a well-type scintillation 
counter. 


Counts per minute per milliliter were plotted against time on semilogarithmic 
graph paper and a straight line was fitted to the points. 


stream. Four serum samples were 


The turnover rate was calculated 
in milligrams per kilogram per day with the use of the dilution volume obtained by extrap- 
olating the disappearance curve to zero time. Serum iron was measured with bathophenan- 
Three hours after the tracer dose of Fe59, 250 mg. iron- 
dextran (Imferon)} was given intramuscularly to ‘‘block’’ recirculation of iron from extra- 
medullary depots back to erythropoiesis.9 


throline as the color reagent.’ 


’aper electrophoresis was done at pH 8.6 by a method slightly modified from Singer.1° 
Agar electrophoresis was done at pH 6.511 and starch block electrophoresis at pH 8.6.12 
Alkali denaturization was used to determine hemoglobin F.1° A _ sickling test was _ per- 
formed with sodium metabisulfite as reducing agent.15 


*Senoket (senna), The Purdue Frederick Company, New York, N. Y. 
7*E. R. Squibb & Sons, New York, N. Y. 


tIimferon (iron-dextran), Lakeside Laboratories, Inc., Milwaukee, Wis. 
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Recombination studies were done by means of a modification of the technique out- 
lined by Itano and Singer.14 The patient’s purified hemolysate was converted to cyan- 
methemoglobin and, by means of starch block electrophoresis, the various fractions were 
separated and eluted with distilled water. Aliquots of the fractions were mixed and di- 
vided into control and reaction portions. The latter was dialyzed against sodium acetate 
buffer at pH 4.5, ionic strength 0.02, for 4 hours at 5° C. A precipitate of denatured pro- 
teins was removed by high speed centrifugation. The control and reaction mixtures were 
concentrated by evaporation and again separated by starch electrophoresis. 

‘*Fingerprinting’’ of the purified fractions was carried out by a modification of 
Ingram’s procedure,15 as were the tryptic digests. The hemoglobin fractions were isolated 
as the cyanmethemoglobins by starch block electrophoresis at pH 8.6 and eluted with buffer 
of the same pH. The hemoglobin was precipitated by the addition of zine acetate solution 
(final concentration of zinc, 20 mEq. per liter) and the precipitate then dissolved in a solution 
of disodium ethylenediaminetetraacetate which had been previously adjusted to pH 8.6 with 
sodium hydroxide. For ease of comparison, the tryptic digest of the several fractions were 
also separated in parallel on a single sheet of paper with the use of a cooled plate, high 
voltage paper electrophoresis apparatus, and a pyridine-acetice acid buffer of pH 6.5. 


Results 


Clinical studies. Routine hematologie and erythrokinetie studies are sum- 
marized in Table I. The hematocrit and red cell mass are slightly less than 
normal. The red cell survival is shortened and there is slightly reduced red 
eell Fe®® incorporation. Since a normal marrow should readily compensate for 
the degree of hemolysis found, the mild anemia is a result of relative bone 
marrow failure. 


As determined by starch block electrophoretic analysis, the patient’s hemo- 
globin separated into 4 separate components (Fig. 2). One had the mobility 
of A, (or F) and represented 18 per cent of the total. The alkali-resistant 
fraction constituted 6.5 per cent of the hemoglobin present. The component 
in the S or D position comprised 14 per cent of the total. Since it did not 
separate from A, on agar (Fig. 3), and there was no sickling, it had the char- 
acteristics of hemoglobin D, but will be designated ‘‘D’’ for reasons deseribed 





OOr) 
\ D fa 
Fig 2. Starch block electrophoresis of the hemolysate (as cyanmethemoglobin) in barbital 
buffer (0.05 molar, pH 8.6). The narrow black line represents the origin. 
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Fig 3. Agar electrophoresis of hemolysates (as cyanmethemoglobin). Citrate buffer, pH 6.5. 
(1) AS (sickle cell trait), (2) SD (sickle cell-hemoglobin D disease), (3) AS, (4) Patient 
J. E. Origin as marked at left. 





below. Hemoglobin C constituted 44 per cent of the total. Finally, 24 per 
cent of the total hemoglobin had the unique property of a slower electrophoretic 
mobility than hemoglobin C at pH 8.6. This new hemoglobin will temporarily 
be referred to as hemoglobin ‘‘X.’ 

Blood samples from the subject’s wife and son were examined but pa- 
ternity was excluded by blood grouping tests.* No other members of his family 
could be located. 

‘*Fingerprinting’’ of the hemoglobin components. Tryptie digests of the 
several hemoglobin components were studied initially by one-dimensional high 
voltage paper electrophoresis (HVPE) (Fig. 4). By this technique, fraction 
‘*1)’’ was found to contain 2 peptide spots not present in the pattern of frac- 
tion A,. The tryptie digest of the hemoglobin C fraction likewise possessed a 
peptide spot not found with either fraction ‘‘D’’ or A,. A second new peptide 
present in the digest of hemoglobin C'® was not visible in the strip prepared 
by HVPE as it remained in the neutral band region. Both new peptides were 
visible on the ‘‘fingerprints.’’ Finally, digest of fraction ‘‘X’’ was demon- 
strated to possess all 3 abnormal spots identified in fractions C and ‘‘D.”’ 

These findings were corroborated by ‘‘fingerprinting’’ the individual tryp- 
tic digests (HVPE at pH 6.5 followed by paper chromatography using a 
butanol—acetic acid—water solvent mixture). The fraction identified as A, gave 
a ‘‘fingerprint’’ indistinguishable from that obtained with digests of whole 
hemoglobin from normal persons. The hemoglobin C fraction gave a ‘‘finger- 
print’’ identical to the pattern previously deseribed for that hemoglobin.*® 
The hemoglobin ‘‘D’’ ‘‘fingerprint’’ showed the 2 new spots first located by 
one dimensional HVPE. (One of the new spots was superimposed upon a 


*We are grateful to Dr. Paul Schmidt, National Institutes of Health, Bethesda, Md., 
for these studies. 
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‘‘normal spot’’ but could be distinguished therefrom by the marked increase 
in color reaction with Ninhydrin.*) The ‘‘X’’ fraction showed the combina- 
tion of the changes described for C and ‘‘D.’’ 

‘‘Hybridization’’ of the hemoglobin fractions. Fig. 5 represents the re- 
combination experiments with the various hemoglobin components. At the top 
(1) is the control mixture of the C and ‘‘D’’ fractions. After acid dissociation 





























ELECTROPHORESIS (pH 6.5) CF 
TRYPTIC DIGESTS 


Fig. 4. Schematic representation of the one-dimensional electrophoretic patterns obtained 
from tryptic digests of the isolated hemoglobin fractions. The ‘‘new’’ peptide spots present 
in the abnormal hemoglobin fractions and not present in the hemoglobin A fraction are 


indicated by the solid black areas. The origin is indicated by the continuous vertical line. 





Fig. 5. Results of recombination experiments. Starch block electrophoresis, veronal buffer 
pH 8.6, ionic strength 0.05, 50 Ma. for 16 hours. See text. 


*Ninhydrin (1, 2, 3-Indantrione hydrate), Merck Sharp & Dohme, Inc., Philadelphia, Pa. 
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Fig. 6. Proposed genetic schema for Patient J. E. 


and recombination (2) hemoglobin ‘‘X’’ and A, are present. Next (3) is the 
control mixture of C and A,. After acid dissociation and recombination (4) 
‘X’’ and probably ‘‘D’’ are present. 


Discussion 


From a clinical viewpoint, this case has interest largely as a curiosity to be 
distinguished from other mild thalassemia-like anemias and causes for spleno- 
megaly. The first clue that there was something unusual about the subject’s 
hemoglobin came from the study of the smear of his peripheral blood. The 
red cell morphology was quite striking, not dissimilar from that found in 
hemoglobin C-—thalassemia disease.'* The intraerythrocyte crystals which were 
seen have been deseribed previously in homozygous hemoglobin C disease and 
have been noted to be particularly prominent after splenectomy.'* '® They 
are to be clearly distinguished from sickled forms. 

The erythrokinetie studies indicate that a mild uncompensated hemolytic 
anemia was present. The role of chronic infection in the genesis of this rela- 
tive marrow failure cannot be assessed fully since preinfection hematocrit values 
are not known. As in many patients with abnormal hemoglobin syndromes, the 
degree of anemia may be dependent more upon relative marrow failure than 
upon the rate of hemolysis.‘’ 

The major interest in this patient centers about the biochemical studies and 
their implications. Analysis by starch electrophoresis revealed the presence of 
4 different hemoglobins. The ‘‘fingerprinting’’ technique of hemoglobin analy- 
sis indicated that the A, fraction was indistinguishable from the hemoglobin 
A, of normal individuals and that the fraction labeled C was biochemically 
identical to previously described samples of hemoglobin C. The hemoglobin 
**T),’’ on the other hand, was found to be a new hemoglobin unlike any previ- 
ously deseribed.* 

The in vitro formation of an ‘‘X’’ fraction by ‘‘hybridizing’’ a mixture of 
the C and ‘‘D”’’ indicates that the abnormal chains in the 2 molecules are 
capable of combining with each other. Others have suggested that such in vitro 
recombination is evidence that the abnormal chains found in patients are of 
different kinds, i.e., one is an abnormal alpha and the other an abnormal beta 
chain. Similarly, the formation of hemoglobin A, during this hybridization 


*A hemoglobin possibly identical to this is currently under investigation in V. M. Ingram’s 
laboratory.” 
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experiment is evidence that there are normal chains in the 2 initial hemoglobin 
fractions (C and ‘‘D’’) and that they too are of different kinds. Since the 
abnormality in hemoglobin C is known to be located on the beta chain, it follows 
that the hemoglobin ‘‘D’’ lesion is present on the alpha chain.* 

The localization of the chemical defect of the hemoglobin ‘‘D’’ in the 
alpha chain in this patient is also suggested by the ‘‘fingerprinting’’ studies of 
this fraction. In addition to the 2 new spots seen in this ‘‘fingerprint,’’ one 
normally present peptide spot (designated as No. 3 by Ingram) was missing. 
This peptide is known to come from the alpha chain?! and hence the hemoglobin 
‘*D”’ abnormality may be presumed to lie in this chain. 

According to the hybridization coneept just expressed the occurrence of 
4 hemoglobins in the patient’s original hemolysate may be explained by as- 
suming that he produces 4 different hemoglobin chains—a, a‘‘?’’, B, and f°. 
These then combine after synthesis to form 4 distinct hemoglobins, i.e., a8: 
(hemoglobin A,), a‘‘?’’B, (hemoglobin ‘‘D’’), a82° (hemoglobin C) and 
a‘‘P’’B.° (hemoglobin ‘‘X’’) (Fig. 6). 

Some support for the above interpretations has been advanced in a recent 
report”? describing multiple hemoglobins in an apparently unrelated family. 
Several members of this family possessed hemoglobin which on electrophoretic 
analysis resolved into 4 major components having mobilities apparently indis- 
tinguishable from those reported herein. The hemoglobins in this family have 
the same ‘‘fingerprint’’ patterns as we have found for Patient J. E.,?° but the 
relative quantity of each hemoglobin was different. The component with next 
to greatest mobility has been labeled ‘‘D’’ rather than the G designation of 
Atwater and associates** because of the results of agar electrophoresis. Hemo- 
globins S, D, and G are not readily separable by paper electrophoresis,** but 
may be distinguished by means of agar electrophoresis." 

Electrophoretic techniques have played a dominant role in the discovery 
and designation of new hemoglobins. The addition of biochemical methods has 
added much to our knowledge of the molecular structure of hemoglobin. By 
combining electrophoresis, tryptic digestion, chromatography, and in vitro hy- 
bridization in the study of the hemoglobin of our patient, it has been found 
that hemoglobin ‘‘D’’ has a previously undescribed structure, information not 
available from electrophoretic studies alone. In accord with recent decisions 
about nomenelature,”> this hemoglobin, should be designated Da washington: 
The other ‘‘new’’ hemoglobin, heretofore designated ‘‘X,’’ appears to be a 
naturally occurring hybrid of hemoglobins ‘‘D’’ and C. Accordinz to a recent 
conference on nomenclature® this hemoglobin might be termed ‘‘ hemoglobin 
Washington’’ (or Washington-1), but its identity as a hybrid more descrip- 
tively suggests the name ‘‘ Hemoglobin DCwasnington.’’ 

The technical assistance of Mona M. Gieschen, M.T., ASCP, and Kenneth N. Vertrees, 

HMC, USN, is gratefully acknowledged. 
Addendum: Since this report was prepared another patient possessing 4 hemoglobins 


has been reported.?4 


*The precise amino acid sequence alteration occurring in this hemoglobin is currently being 
investigated. 
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Creatine and creatinine excretion in leukemia 


M.A. ATAMER, M.D., and A. A. DIETZ, Pu.D.* New York, N. Y. 


When the creatinine excretion of leukemic patients was found too variable to be used 
as an index of the completeness of 24 hour urine collections, a study was made of its 
excretion and was correlated with the type of leukemia and the phase of disease. The 
work was extended to include creatine excretion. A total of 15 patients was studied for 
periods of 2 to 20 months. In all cases, the creatinine excretion was low, but tended to 
approach normal levels in periods of remission. Creatinuria was ‘most pronounced in 
the acute leukemias of children, but it was also significant in leukemic adult men, es- 


pecially in the active phase in a case of subacute granulocytic leukemia. 


, studies of the abnormalities in the metabolic excretory products of 
leukemic patients have included a number of nitrogenous substances, but very 
little has been reported on the creatinine and creatine excretions. Waisman and 
associates' found that creatinine, creatine, and the ratio of these 2 substances, 
excreted by normal children, and by patients with acute leukemia, varied con- 
siderably. Sandberg and co-workers,? on the other hand, used the creatinine 
excretion as an index of the completeness of 24-hour collections in patients with 
different types of leukemia. Our original reason for the determination of 
creatinine in the urine of leukemic patients was the same as that of Sandberg 
and co-workers.2, However, the creatinine excretion was not found constant, 
neither for different leukemic cases, nor for different periods in the course of 
the disease in the same individual. 

With the finding of variability in creatinine excretion, this study was ex- 
panded to inelude creatine output. The exeretory patterns of these substances 
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were followed for periods of 2 to 20 months. This report presents the findings 
on the exeretion of these metabolites in various phases of several types of leu- 
kemia. The correlation of the data with the elinieal and hematologic findings 
is perhaps of greater significance than the absolute values found. 

Methods 


Urine. Urine was collected from leukemic patients at various phases of their disease. 
The 24 hour collections were preserved with thymol, and filtered through a Berkefeld N filter 
shortly after the end of the collection period to remove cellular debris. Filtered samples 
that could not be used at once were stored at —10° C. 

Analysis. Creatine and creatinine were determined essentially by the method of Clark 
and Thompson.’;4 When the specific gravity of the urine was below 1.015, a 1:5 dilution 
of urine with water was used, and, when above 1.015, a 1:10 dilution was used. A one milli- 
liter volume of the diluted urine was measured into each of four 25 ml. volumetric flasks. 
Four milliliters of 1.17 per cent sodium picrate, pH 2.0, was added to each. Two of the 
flasks were autoclaved at 15 pounds pressure for 30 minutes, then cooled. To each of the 
4 flasks, 0.3 ml. 2.5 N NaOH was added, and, after 20 minutes, the volumes were made up to 
the mark and the density’measured at 520 mp with a Beckman. DU spectrophotometer. 
Standard creatinine solutions were run with each batch of urine samples, and the values 
obtained for the heated and unheated samples were used to calculate the creatinine and sum 
of creatinine and creatine, respectively. It is necessary to include standards+ with each set 
of determinations, as the readings are sensitive to wavelength setting of the colorimeter, and 
heating sometimes destroys up to 5 per cent of the creatinine. Albanese and Wangerin5 
claim that 10 per cent may be destroyed. 


Materials and subjects 


All patients included in this study were admitted to the hospital for verification of the 
diagnosis of leukemia. Detailed clinical and laboratory tests, including bone marrow aspira- 
tions, were performed. The 15 cases of leukemia included in this study are classified in 
Table I. During the course of illness, frequent bone marrow studies were performed to 
evaluate the state of disease. The courses were divided into partial or complete remission 
and relapse, according to the classification of Biesel.6 

The eases reported received either single or multiple administration of folic acid an- 
tagonists, 6-mercaptopurine, adrenocorticosteroid, coleemide, and Myleran. No attempt was 
made to correlate the urinary creatine and creatinine levels with the specific treatment. The 
urine samples were collected at random, but one or more samples were procured during dif- 
ferent stages of the disease. Due to limitation of space, the history and hematologic course 
of each case is not given. Three representative cases were selected and their clinical, hemato- 
logic, and creatine and creatinine excretions discussed in detail. 

Units. Creatinine and creatine excretions have been reported in a number of ways, 
frequently with the omission of data required for comparing values. The results reported 
in the present paper are in terms of micromoles excreted per kilogram body weight per hour 
(micromoles per kilogram per hour). This unit permits the direct addition of creatinine 
and creatine concentrations without the need of calculating creatine as creatinine. Values 
used from the references are converted to this unit. The creatinine coefficient (milligrams 
creatinine per kilogram per day) can be calculated by multiplying the above unit by 2.72. 
The weight of each patient is given in Table I to permit approximations in other units. The 
normal values were obtained from 10 urine samples of men, 13 to 48 years of age, and in 
good health. These values were found to agree with analyses reported in the literature. 


Results 


The findings on all patients studied are summarized in Fig. 1. Each column 
of symbols represents an individual patient in the order in which the patients 
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Fig. 1. 


area in the creatinine graph indicates the average of normal values 


Creatinine and creatine excretion in leukemic patients. 


The solid 
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dots represent the 
active leukemic phase of the disease (relapse), the circles, the disease in complete remission, 
and the dashes, incomplete remission according to the classification of Biesel.¢ 


The shaded 


+ one standard deviation. 
Normal values for creatine are not shown, as the values depend upon the individual. 


The 


columns of symbols from the left to right correspond to the individuals as listed in Table I. 


Table I. Summary of leukemic cases studied 





Weight in 








Leukemia type Case No. Age in years | Sex kilograms* 
Acute lymphatic AL-1 7 F 23—29 
AL-2 2 M 10—11 
AL-3 14 M 52—58 
AL-4 12 F 36—65 
AL-5 1.4 M 10 
AL-7 2.5 FE 13—15 
Chronic lymphatic CL-1 65 M 89 
CL-2 47 M 78—80 
CL-3 74 F 65 
CL-4 74 M 72—80 
CL-5 84 F 47 
Acute granulocytic AG-2 54 M 56—50 
Chronic granulocytic CG-1 67 M 64—69 
CG-2 69 M 74—79 
Monocytic M-1 37 M 65—56 





*The range indicates the weight at the beginning and the end of each case, 


respectively. 








98 Atamer and Dietz 1. Ld. 0 
uly, 1961 


are listed in Table I. Most of the creatinine excretions are below the range 
of the normal values in all stages of the disease. In the acute lymphatic leu- 
kemia, the creatinine excretions tended to be highest in the remission phase of 
the disease and lowest in periods of relapse. In these cases a marked creatinuria 
was present. Creatinuria would be expected, as the patients were children, but, 
in many, the creatine excretion exceeded that of the creatinine. When corre- 
lated with the clinical state, the creatine levels showed a distinct tendency to 
lower values in the remission phase. 

Of the 5 eases of chronic lymphatic leukemia, the first, second, and fourth 
case had a very steady course. Most of the creatinine values were below the 
normal, but, because of the steady course, the values could not be correlated 
with the phase of the disease. The lowest creatinine values in 2 of the cases were 
recorded just prior to death. On several occasions noticeable amounts of 
creatine were found. 

The granulocytic leukemias are not separated as to type, but the first column 
in this group is a subacute case which is discussed in more detail (AG-2, in 
Table 1). The other 2 cases are of the chronic type, and the creatinine and 
creatine excretion patterns are about the same as are found in chronic lymphatic 
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Fig. 2. Relation of creatinine and creatine excretion to the clinical and hematologic findings 
in a case of acute lymphatic leukemia (AL-4). The amount of creatine excreted is indicated 


by the shaded area, which is actually the difference between the creatine plus creatinine and 
the creatinine. 
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leukemia. Both showed low excretions of creatinine, with creatinuria on sev- 
eral occasions. The case of subacute myelomonocytic leukemia studied showed 
results which were similar to those of the ease of chronic leukemia. Three cases 
were selected for a more detailed description. 


Case reports 


Case AL-4. A 12-year-old girl was admitted to the hospital in January, 1958, with a history 
of a 20 pound weight loss. Clinically she had some cervical lymphadenopathy. The physical 
examination was otherwise entirely negative. On admission, the hematologic findings were as 
follows: Hemoglobin, 11 Gm. per cent; R.B.C., 3.5 million per cubie millimeter; platelets, 
148,000 per cubic millimeter; reticulocyte, 0.6 per cent; and W.B.C., 2,450 per cubic milli- 
meter. The differential count showed 18 per cent segmented neutrophils and 82 per cent 
lymphocytes, of which 10 per cent were lymphoblasts. A bone marrow examination revealed 
a marked depression of erythroid, granulocytic, and megakaryocytic activities. The lympho- 
blasts constituted 91 per cent of the cell. The entire hematologic course, in relation to treat- 
ment and to the creatine and creatinine levels, is shown in Fig. 2. Pretreatment creatinine 
levels are significantly lower than the average normal values. During this period, the amount 
of creatinine excreted, in terms of micromoles per kilogram per hour, varied between 4.02 
and 6.92. Following a course of antifolic acid and steroid therapy the patient improved 
hematologically and clinically and remained in a stage of remission for a period of 2 months. 
In this stage, creatinine excretion was at a normal level, varying between 8.10 to 10.33 »M 
per kilogram per hour. At the end of this period the patient’s condition began to deteriorate. 
During the relapse state, just prior to the second course of adrenocorticosteroid therapy, 
there was a sharp decrease in creatinine excretion, the values varying between 5.90 and 6.45 
uM per kilogram per hour. Following a second course of steroid therapy, the patient im- 
proved, and creatinine values again approached normal levels, ranging from 6.67 to 8.38 
uM per kilogram per hour. Creatinuria varied considerably. The amount of creatine ex- 
ereted during the course of disease varied between 0.36 and 4.76 uM per kilogram per hour. 


Case AG-2. A 54-year-old white man was admitted to the hospital with a history of back- 
ache, arthralgia, and fatigue of 5 months’ duration. His physical examination revealed severe 
pallor and a swollen left knee, which later proved to be an effect of leukemic arthritis. The 
hematologic findings were as follows: total W.B.C., 12,650 per eubic millimeter; R.B.C., 
1.7 million per cubic millimeter; platelets, 29,000 per cubic millimeter; and hemoglobin, 5.75 
Gm. per cent. The differential count was: myeloblasts, 11 per cent; promyelocytes, 10 
per cent; myelocytes, 9 per cent; juveniles, 14 per cent; stabs, 1 per cent; segmented neutro- 
phils, 7 per cent; eosinophils, 1 per cent; lymphocytes, 40 per cent; and monocytes, 7 per 
cent. A bone marrow biopsy revealed marked cellularity due chiefly to immature granulo- 
cytes. Approximately 24 per cent of the cells were myeloblasts. This case was classified as 
a subacute granulocytic leukemia. The patient’s response to various antileukemic treatments 
was unsatisfactory. His hematologic course, in relation to treatment and to creatine and 
creatinine excretions, is shown in Fig. 3. The creatinine excretion followed an interesting 
pattern in that the amount of excreted creatinine became progressively lower as the leukemic 
process advanced. The amount of urinary creatinine varied between 4.56 and 8.24 uM per 
kilogram per hour. Approximately 82 per cent of creatinine values were below the normal 
range. The patient further showed a very significant creatinuria, the creatine in the urine 
varying between 0.36 and 6.84 yM per kilogram per hour. At the stage immediately pre- 
ceding death the creatine exceeded the creatinine levels. Another interesting finding is a 
suggested correlation between the degree of creatinuria and the hematologic picture, namely, 
total granulocytes in peripheral blood. 


Case CG-2. A 69-year-old white man was first admitted to the hospital in January, 1957, 
with a swelling of the abdomen and a history of weight loss. Clinically he had considerable 
hepatosplenomegaly and some lymphadenopathy. The initial hematologic findings were as 
follows: hemoglobin, 11.9 Gm. per cent; R.B.C., 4.2 million per cubic millimeter; platelets, 
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128,000 per cubie millimeter; leukocytes, 35,400 per cubic millimeter. The differential count 
revealed: promyelocyte, 3.5 per cent; myelocyte, 3 per cent; basophils, 2 per cent; and lympho- 
cytes, 7 per cent. The bone marrow findings were compatible with the diagnosis of chronic 
granulocytic leukemia. The hematologic course, treatments received, and creatine and creatinine 
excretions are illustrated in Fig. 4. The creatinine excretion was found to vary between 2.76 
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Fig. 3. Relation of creatinine and creatine excretion to the clinical and hematologic findings 
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in a case of subacute granulocytic leukemia (AG-2). See legend to Fig. 2. 
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and 8.21 uM per kilogram per hour. The mean value was 5.45, and 92 per cent of creatinine 
values were below normal. This case is an illustration of the occurrence of a low and variable 
creatinine excretion during the course of the disease. The creatine excretion, as shown in 
Fig. 4, varied between 0.12 and 2.37 uM per kilogram per hour. This amount of creatine 
is 2.1 to 35 per cent of creatinine excretion. 


Discussion 


The variability of creatinine and creatine excretion found in normal and 
leukemic children by Waisman and associates,‘ as against the consistency of 
creatinine excretion reported by Sandberg and co-workers,” suggests that a more 
detailed study is needed to elucidate the changes in and the role of these 
metabolites in leukemia. Although creatinine excretion values are frequently 
used to test the completeness of a urine collection, results reported in the litera- 
ture suggest that this method should be applied only to an individual in whom 
the levels have been determined.’ From values given by Garn and Clark,*® the 
average creatinine excretion for men is caleulated as 8.56 + 1.32 »M per kilogram 
per hour. Van Pilsum and Wolin® reported that creatinine excretion is lower 
in individuals over 60 years of age. The average values for the creatinine ex- 
eretion in children reported by Clark and associates'’® are quite constant for | 
those children between the ages of 4 and 18 years. These authors show that 
the creatine excretion of the children is quite variable and, on the average, 
diminishes with age, and suggest that extremely large or nearly infinitesimal 
amounts would have to be exereted before it could be judged abnormal. 
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Fig. 4. Relation of creatinine and creatine excretion to the clinical and hematologic findings 

in a case of chronic granulocytic leukemia (CS-2). See legend to Fig. 2. 
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In the present study, excessive excretions of creatine were noted in several 
of the children with acute leukemia. The 54-year-old patient with subacute 
granulocytic leukemia also excreted very large amounts of creatine, and several 
with chronie leukemias excreted more creatine than would be expected of adults. 

On the other hand, the exeretion of creatinine was low in every case of 
leukemia that was followed. Although normal adults may excrete as little as 
5.9 »M per kilogram per hour,® one would not normally expect 100 per cent of 
15 individuals to have low creatinine outputs, with all but 3 excreting at times 
less than the above low amount. Thus the results reported in this paper suggest 
that the excretion of creatine and creatinine can be abnormal in leukemic pa- 
tients. 

Several reports in the literature further suggest abnormal creatinine and 
creatine metabolism in leukemia. Mitsuyama, investigating the blood cells of 
leukemic patients, found the creatine concentration nearly twice normal. Since 
his work was on whole blood, the cells responsible for the excess creatine are 
unknown. However, Dinning and Day” have shown that, in monkeys recover- 
ing from a folie acid deficiency, the peak of creatine excretion corresponded to 
the time of maximum leukocyte numbers. Heaney and Eliel,’* in studying the 
metabolic effect of 6-mereaptopurine in acute leukemia of a 3.5-year-old girl, 
reported exeretion of creatinine as between 5.18 and 7.97 »M per kilogram per 
hour, with the highest value after she had been on the drug. Their control ex- 
eretion level was 8.12 »M per kilogram per hour. Gerbrandy and associates’ 
reported creatinine excretion values in leukemic patients quite comparable to 
those reported by us, 4.2 to 7.4 uM per kilogram per hour. They point out that 
there is a gradual fall in the creatinine excretion following the x-radiation of 
these patients, but the weight loss is such that the values reported in the above 
unit are not significantly changed. They found similar values in patients with 
eanecer. Furthermore, Krauss'® reported the blood creatinine concentration of 
a patient with chronic granulocytic leukemia as twice normal. In experimental 
mouse leukemia, Dinning and Seager’ found a 3.5 fold inerease in creatine 
excretion without changes in the creatinine excretion or the muscle creatine con- 
centration. Their results suggest that creatine may play a significant role in 
leukocyte formation. 

Thus, the previously reported findings on creatinine and creatine excretion 
in human leukemia are few and somewhat conflicting. Supporting evidence, 
however, points to abnormalities in the metabolism of these substances in leu- 
kemia. The exact role of creatinine and creatine remains unknown. Patho- 
logic creatinuria is usually associated with muscular diseases, and Haberland 
and co-workers" suggest that the muscular weakness of mammals following 
ionizing radiation may be the cause of the creatinuria observed. One may at- 
tempt to explain this abnormal pattern of excretion of these metabolites with 
the observed curtailment of activities of the patients during their stay in the 
hospital. However, the existing information, in literature as well as in our 
findings, do not support the above. Actually, our studies indicate that the pat- 


tern of excretion is more closely correlated with the hematologic and clinical 
stage of the disease. 
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The nature of the hemagglutinating 
agent noted in the blood serum of patients 


with viral hepatitis 


ROBERT E. HOYT, Pu.D., LESTER M. MORRISON, M.D., and 
MILTON G. LEVINE, PuH.D. Los Angeles, Calif. 


Animals were immunized against rhesus erythrocytes agglutinated with serum of patients 
with infectious hepatitis, and against sheep erythrocytes agglutinated by infectious mono- 
nucleosis sera. The resulting antisera were found to contain antiglobulin antibodies as 
shown by their ability to agglutinate human group O Rh-positive red cells sensitized by 
anti-Rh incomplete antibody. The presence of antiglobulin antibody in the immune 
rabbit sera indicates that the agglutinating agents in infectious hepatitis and infectious 
mononucleosis are globulin in nature, and the agglutination is considered to be due to 


antibody action rather than to the presence of a hemagglutinating virus. 


7. agglutination of Macacus rhesus erythrocytes by the blood serum of 
patients with infectious hepatitis was observed by the authors'® and confirmed 
by Rubin and associates. The studies reported here were designed to investi- 
gate the nature of the agglutinating agent. 

The following two possibilities were considered: The material causing the 
reaction might be a virus present in the blood of the infected individual, or an 
antibody which appears in response to some feature of the disease and which 
reacts with the rhesus cell in a manner comparable to the anti-sheep cell 
agglutinin seen in infectious mononucleosis. If the latter were the ease, the 
agglutinin, being an antibody, would be expected to fall in the class of gamma 
globulin, while if the reaction is due to a hemagglutinating virus, it would not 
have the characteristics of human gamma globulin. Since the active agent in 
the ease of either mechanism is adsorbed on the agglutinated cell, immunization 
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of rabbits with the agglutinated, washed rhesus cells should result in the forma- 
tion in the rabbit of antibodies against both the rhesus cell and the antigenic 
protein adsorbed to it, whether virus or globulin. 

If the adsorbed agglutinin be human gamma globulin, the antiserum against 
it would correspond to the antiglobulin or Coombs serum generally used to 
detect the presence of ‘‘incomplete’’ antibodies such as those seen in anti-Rh 
sensitization. Such an antiglobulin antiserum can be demonstrated by first 
sensitizing Rh-positive human erythrocytes of group O with a potent anti-Rh, 
typing serum (slide type) containing no saline agglutinins, washing them 3 
times in isotonic saline, and exposing the washed sensitized cells to dilutions of 
the immunized rabbit serum. Serum drawn before the period of immunization 
is used as a control. The presence of antiglobulin antibody is shown by the 
fact that such an antibody will cause clumping of the sensitized cells, which 
would remain suspended in its absence. The appearance of antiglobulin anti- 
body after immunization would suggest that agglutination of the rhesus cell is 
due to a gamma globulin factor (antibody) in the patient with hepatitis, while 
the absence of such an antiglobulin antibody after immunization would favor 
the coneept of the virus mechanism. 

In a parallel study, sheep cells agglutinated by serum from individuals 
with infectious mononucleosis were washed and injected intravenously into 
rabbits in a manner similar to that described above. The resulting antiserum 
was also tested against the sensitized and washed group O Rh,-positive human 
erythrocytes to demonstrate any antiglobulin antibody which might be present. 
Infectious mononucleosis serum was chosen for comparison, since it is a disease 
presumed to be viral in origin, which often shows hepatic involvement, and 
which is diagnosed by the Paul-Bunnell hemagglutination test using sheep cells. 


Experimental procedure 


Washed rhesus erythrocytes were agglutinated by sera from known cases of viral hepa- 
titis previously shown to have agglutinating activity. The agglutinated cells were washed 
3 times in isotonic saline and suspended to a concentration of approximately 5 per cent. 

The rabbits chosen for immunization were bled by cardiac puncture and subsequently 
given 1.0 ml. of the agglutinated cell suspension via the marginal ear vein. A second in- 
jection of 1.0 ml. was given 1 week later. Eighteen days after the first injection the animals 
were bled and the serum specimens were tested for antiglobulin activity as described below. 

Rabbits were bled by the cardiac puncture, the serum was removed, inactivated at 61° C. 
for 2 minutes, and tested for antiglobulin antibody in the following manner: human group O 
Rh,-positive erythrocytes were sensitized by incubating for 30 minutes with an excess of 
human anti-Rh, blocking serum. The cells were washed 3 times with isotonic saline and 
made up to a 2 per cent suspension. Serial dilutions of the sera were made in 0.2 ml. 
volumes and 0.2 ml. sensitized cells was added to each tube. After 30 minutes’ incubation, 
the tubes were centrifuged at low speed and read after brisk shaking. 


Results 


The results are shown in Table I. These results demonstrate the presence of 
an antiglobulin antibody in the rabbits which is caused by the immunization with 
the agglutinated rhesus red cells and indicate that the agglutination is due to the 
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presence not of a virus but of a gamma globulin fraction which is assumed to be 
an antibody. 

The same procedure was followed in a second group of animals, substituting 
for the rhesus cells sheep erythrocytes sensitized by the addition of serum from 
individuals with infectious mononucleosis. Results are shown in Table II. 


Table I. Antiglobulin titers of rabbits immunized against hepatitis agglutinin 





Rabbit antiserum agglutinating titer against 


man group O Rh, erythrocytes 
Rabbit antisera prepared against hepatitis human grout Kh, ery y 











agglutinin adsorbed on rhesus erythrocytes | Be fore immunization | After immunization 
1. Hepatitis serum ‘‘3”’ Negative 1:1 B30 
2. Hepatitis serum ‘‘27’’ Negative 1:1 1:8 
3. Hepatitis serum ‘‘ Fuller’’ Negative 1:1 1:32 





Table II. Antiglobulin titers of rabbits immunized against infectious 
mononucleosis agglutinin 





, - . ae Rabbit antiserum agglutinating titer against 
Rabbit antisera prepared against infectious | ' 1g d } 


. = human group O Rh, erythrocytes 
mononucleosis agglutinin adsorbed on sheen. we ery y 








sheep erythrocytes Before immunization After immunization 
1. Infectious mononucleosis serum ‘‘5’’ 1:2 1:128 
2. Infectious mononucleosis serum ‘‘13’’ Negative 1:1 1:32 
3. Infectious mononucleosis serum ‘‘16’’ 1:4 1:64 





The similarity of the responses elicited by the rhesus cells agglutinated by 
infectious hepatitis sera and by the sheep cells agglutinated by infectious mono- 
nucleosis sera indicates that the mechanism of agglutination is the same in each 
ease and that this mechanism involves the activity of a gamma globulin frac- 
tion of the blood serum of the patient. In the ease of the infectious mono- 
nucleosis serum, the agglutinating agent is known to possess the attributes of 
antibody, and our observations suggest that a similar antibody, rather than a 
virus, is responsible for the agglutination of the rhesus cells by infectious 
hepatitis serum. 
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Prevalence of Nocardia asteroides in sputa examined by 


a tuberculosis diagnostic laboratory 


THOMAS 8. HOSTY, Pu.D.,* CAROLYN McDURMONT, B.S.,* 
LIBERO AJELLO, Pu.D.,** LUCILLE K. GEORG, Pu.D.,** 
GLADYS L. BRUMFIELD, B.S.,** and A. A. CALIX, M.D.*** 
Montgomery and Decatur, Ala., and Atlanta, Ga. 


Over a two and one-half year period, 175 strains of suspected Nocardia asteroides were 
isolated from sputum after treatment with 4 per cent NaOH and mechanical shaking. ' 
All strains were later identified as N. asteroides. From 122 individuals, single isolations 
were made. From 12, various numbers of isolations were made, up to 21 on one indi- 
vidual. Lung biopsies were negative on 2 patients. A diagnosis of nocardiosis could 
not be made on any of the 134 patients. It is concluded that the mere isolation of 


N. asteroides from sputum is not a sufficient basis for establishing a diagnosis of 
nocardiosis. 


m 1951, all routine cultural work for Mycobacterium tuberculosis by the 
Alabama State Health Department was terminated in the branch laboratories 
and transferred to the central laboratory. This centralization resulted in an 
increased demand for culturing so that the number of specimens increased 
rapidly to approximately 31,000 for the current year. Because of the belief 
that sodium hydroxide treatment was uniformly inhibitory to the growth of 
Nocardia asteroides, no attempt before 1957 was made to determine if this 
species could be isolated. | 

At that time, it was noted that Ajello and associates‘ had shown that 
N. asteroides generally survived digestion and concentration with sodium hy- 
droxide and mechanical shaking. Accordingly, laboratory personnel were 
briefed on the colonial appearance of N. asteroides and instructed to pick and 
send all suspected isolates in pure culture for verification to the Mycology Unit 

Received for publication Dec. 27, 1960. 

*From the Alabama State Department of Public Health, Montgomery, Ala. 

**F'rom the Mycology Unit, Microbiology Section, Communicable Disease Center, Public 


Health Service, United States Department of Health, Education, and Welfare, Atlanta, 
Ga. 


***Wrom the District No. 1 Tuberculosis Sanatorium, Decatur, Ala. 


107 








> , J. Lab. & Clin. Med. 
108 Hosty et al. July, 1961 
of the Communicable Disease Center. The results of this study are presented 
here. All strains discussed in this paper were identified as N. asteroides except 
where noted. 


Materials and methods 

Sputa for culturing of M. tuberculosis were mailed from various areas of the state, in- 
cluding tuberculosis hospitals, in sterile, 1 ounce screw-capped containers. On arrival the 
specimens were treated with 4 per cent sodium hydroxide and shaken mechanically for 10 
minutes. The sediment was then neutralized with 2 N HCl and centrifuged. Since spinal 
fluid specimens were mailed from long distances, they were treated with NaOH for 2 minutes 
and then neutralized and centrifuged. By means of capillary pipettes, representative samples 
of each specimen were smeared on 2 Léwenstein-Jensen slants and 2 tubes of blood agar? 
that contained 100 units of penicillin per milliliter. Smears were then made from the re- 
mainder of the concentrate. These were stained by Kinyoun’s method, using 3 per cent 
aleoholic hydrochloric acid for decolorization. The cultures were incubated horizontally for 
several days at 35° C. and then placed in baskets for the remainder of the incubation period. 
They were checked every week after the second week, for a total of 8 weeks. 


Results 


When N. asteroides was present, its growth was usually apparent in 5 to 6 
days. Under our routine the majority of cultures were not examined for 2 
weeks, as noted above. The colonial coloration was quite variable. Pigmenta- 
tion ranged from cream to pale yellow, orange, pink, coral, and brick red. 
Most of the isolates on original culture were a light tannish orange. They did 
not have the clear orange coloration of chromogenic unclassified mycobacteria. 
After 2 weeks of ineubation the growth which appeared on most Lowenstein 
cultures was so scanty that it appeared only as a discoloration of the medium. 
Very few of the primary isolates were chalky white. Pigmentation varied in 
intensity and hue with subsequent transfers, age, and the media used for sub- 
cultures. 

Noeardia-like colonies were picked and planted on Léwenstein’s medium, 
blood agar, yeast-extract—glucose agar, and Sabouraud’s dextrose agar. Smears 
were made from the colonies when growth appeared. They were examined after 
acid-fast staining. The mycelium of N. asteroides was very delicate and ap- 
proximately the width of the cells of M. tuberculosis. It was acid-fast at least 
in part. The coccoid elements produced by this organism usually were acid-fast 
but the decision as to whether the isolate was acid-fast was based only on the 
staining properties of the mycelium. Colonies from Léwenstein’s medium and 
blood agar were usually more acid-fast than those grown on yeast-extract—glucose 
or Sabouraud’s dextrose agar. Regardless of acid fastness, isolates with delicate 
mycelium were isolated in pure culture and referred to the Communicable Dis- 
ease Center Mycology Unit for identification. With this routine, approximately 
94 per cent of the suspicious isolates were confirmed to be N. asteroides by 
methods described elsewhere.’ 

The majority of our 175 cultures were isolated on Loéwenstein’s medium 
(Jensen-Holm modification). However, 18 strains were isolated on the peni- 
eillin blood agar medium only, while 30 were recovered on both media. 
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All the noeardias were isolated from sputum except the few recovered from 
gastric washings. Two sputa were also positive for tubercle bacilli. N. as- 
teroides was not detected in 78 sputa through examination of stained smears 
of both the unconecentrated and concentrated materials. However, 8 of these 
sputa yielded cultures of N. asteroides. Other investigators have reported find- 
ing N. asteroides on direct smear.‘ 

During the two and one-half years of this study, 175 cultures suspected of 
being N. asteroides were isolated (Table I). Of the 168 cultures sent to the 
Communicable Disease Center, 151 were identified as N. asteroides. Three cul- 
tures were nonviable. Thus, approximately 94 per cent of the isolates were 
confirmed. Three of the cultures were designated as Nocardia species not 
N. asteroides. The identity of these 3 isolates will be reported elsewhere. Acid- 
fast chromogens were frequently concurrently present in the primary isolation 
tubes with N. asteroides. 


Table I. Cultural results on clinical specimens examined for M. tuberculosis 
and N. asteroides (July, 1957, to August, 1960) 








Analysis of clinical specimens No. of isolations No. of cultures 
M. tuberculosis 10,197 
N. asteroides 175 
Single isolations 122 
Two isolations 7 
Three isolations 2 
Six isolations 2 
Twenty-one isolations 1 
Individual patients 134 


Total cultures forwarded to Communicable Disease 


Center 168 
Confirmed N. asteroides 151 
Negative for pathogenic fungi 11 
Nonviable cultures 3 
Nocardia species not N. asteroides 3 


Repeat isolations not sent to Communicable Disease 
Center and identified by the Alabama State De- 
partment of Public Health 24 
Total No. of specimens cultured 85,435 





Fifty-two of the patients from whem N. asteroides cultures were recovered 
were either suspected of having tuberculosis or were under treatment for that 
disease. In 37 patients, tuberculosis was ruled out. Data were insufficient or 
pending on the other patients. 

The median age for those diagnosed as having tuberculosis was 58 years 
in white and 48 years in Negro men and 38 years for both white and Negro 
women. In those patients for whom a diagnosis of tuberculosis was excluded, 
the median age was 59 in white and 48 in Negro men. In the female patients 
the median ages were 58 and 52 in white and Negro, respectively. 

The case histories of 4 elected patients are presented to illustrate the diag- 
nostic problems presented by the isolation of N. asteroides from sputum. 
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Case reports 


Case 1. A 59-year-old white farmer (F. W.) was admitted to the tuberculosis sana- 
torium on May 14, 1958, for diagnostic studies. He related a history of chronic cough and 
dyspnea. Chest x-ray disclosed displacement of the heart to the left with a fibrous reaction 
in the left lower lobe. Although numerous sputum studies were negative for tubercle bacilli, 
the tuberculin skin test was strongly positive. N. asteroides was isolated from the sputum 
in April, 1958. The patient was readmitted for special studies and a lung biopsy was per- 
formed on May 19, 1958. The pathologic findings were ‘‘nonspecific hemorrhage and 
fibrosis.’’ A portion of the same tissue, examined by another pathologist, was reported as 
‘*chronic pneumonitis.’’ N. asteroides has not been isolated from this patient since the 
original isolation from sputum. The patient continues to have chronic cough and dyspnea 
and is unable to work. 


Case 2. Patient H. H. is of interest in that the final diagnosis of his illness was histo- 
plasmosis. This 76-year-old white farmer was first admitted to the tuberculosis sanatorium 
on November 20, 1956. He gave a history of good health until 2 weeks before admission. 
At that time, after having cleaned a barn which had deposits of dried pigeon excreta, he 
developed dyspnea, a nonproductive cough, night sweats, fever, and mental confusion. Soon 
after this, he developed a severe pleurisy in both lungs and was unable to work. His phy- 
sician obtained a chest x-ray which revealed a ‘‘snow-storm’’ appearance in both lung fields. 
He was referred to the tuberculosis sanatorium since he was believed to have miliary tuber- 
culosis. When first admitted to the sanatorium the patient was quite ill. The laboratory 
tests, which included a complete blood count and urinalysis, were noncontributory. The 
tuberculin skin test was positive (P.P.D. No. 2); the histoplasmin skin test was strongly 
positive. Complement-fixation studies revealed a histoplasma yeast-phase titer of 1:256 on 
January 18, 1957. Cultures for Histoplasma capsulatum were negative. The patient was 
discharged but was followed in the outpatient clinic and readmitted on several occasions for 
spinal studies. On June 25, 1958, a culture of N. asteroides was isolated from the sputum. 
He refused therapy for histoplasmosis because he continued to improve. The patient’s chest 
x-ray had cleared up considerably by that time and continued to show additional clearing. 
All subsequent sputum smears and cultures have been negative for N. asteroides as well as 


for H. capsulatum. His chest x-ray now shows complete clearing. When last seen, he was 
in good health. 


Case 8. A 62-year-old housewife (E. 8.) was admitted to the tuberculosis sanatorium 
on January 14, 1959. She gave a history of having developed a severe ‘‘cold’’ in June, 1958, 
which was still present. The patient also had a harassing cough and dyspnea. She had 
consulted a physician, who made a diagnosis of ‘‘bronchitis.’’ The patient was referred to 
the outpatient clinic of the sanatorium. Lesions were noted in the left upper lobe which 
appeared to represent minimal pulmonary tuberculosis with questionable activity. Three 
sputa were reported positive by smear for acid-fast bacilli. Because of this, the patient was 
admitted to the sanatorium for therapy. Subsequently, sputum cultures were reported posi- 
tive for N. asteroides and M. tuberculosis. A tuberculin skin test with P.P.D. No. 2 and a 
histoplasmin skin test were positive on April 29, 1959. Complement-fixation titer with histo- 
plasma yeast—phase antigen was positive at a dilution of 1:16 and the mycelium phase antigen 
was positive at a dilution of 1:8. This patient was treated for pulmonary tuberculosis. She 
was discharged on July 24, 1959, and has progressed well ever since. Sputum continues to 
be negative for both N. asteroides and M. tuberculosis. 


Case 4. On this patient we now have 21 consecutive positive cultures of N. asteroides, 
collected over a 3 year period. He is a 56-year-old white man (C. H.) who was first admitted 
to the tuberculosis sanatorium on November 7, 1958. The patient stated that he was first 
told that he had pulmonary tuberculosis in 1951, on the basis of a routine chest x-ray. He 
was not treated at that time but was followed with frequent chest x-rays and sputum studies. 
His sputum was negative until 1955, at which time a positive sputum smear was reported by 
another laboratory. The patient refused treatment and continued to work as a farmer. In 
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the spring of 1958 he developed a chronic productive cough, dyspnea on exertion, tightness 
of the chest, and definite weakness. He tired easily and lost approximately 15 pounds of 
weight. Chest x-ray on admission to the sanatorium revealed contraction of the left upper 
lobe, with fibroexudative disease, and several areas of rarefaction, which were interpreted 
as cavities. The patient also had fibrous strands in the right upper lobe. Emphysema was 
noted in both lower lobes. He was classified as having far-advanced active pulmonary tuber- 
culosis with pulmonary emphysema. Sputum smears on this patient were negative for acid- 
fast bacilli in our laboratory. However, N. asteroides was isolated from 8 out of 9 speci- 
mens submitted; no M. tuberculosis organisms ever were found. The patient left the sana- 
torium, contrary to medical advice, on October 23, 1958, but was readmitted on November 7, 
1958. At that time it was noted that he had been placed on sulfadiazine in the outpatient 


Table II. Souree and chronological summary of Nocardia asteroides isolations 
on Patient C. H. over a 3 year period 








Date | Nocardia asteroides | Source 
1957 
7/12 + sputum 
7/17 + sputum 
1958. 
6/17 + sputum 
6/19 + sputum 
6/26 + sputum 
6/27 + (2) sputum 
7/1 + sputum 
7/7 + (2) sputum 
7/31 = sputum 
8/29 + sputum 
11/13 + sputum 
11/25 + sputum 
12/31 . sputum 
1959. 
1/16 + sputum 
1/20 - lung biopsy 
1/20 ~ mouth washings 
5/1 a sputum 
5/4 + sputum 
5/5 + sputum 
1960. 
4/25 + sputum 
5/19 + sputum 
9/26 + _ Sputum 





clinic. In addition to this, the patient had been on antituberculosis chemotherapy since 
June 23, 1958. WN. asteroides organisms were isolated from 3 out of 4 specimens submitted 
at this time. The patient agreed to a lung biopsy and the operation was performed on 
January 21, 1959. The surgeon noted fine nodulations in the left upper lobe and obtained 
for microscopic study a tissue wedge which included these small granulation areas. The 
specimen secured was large enough that portions of it were submitted to the laboratory for 
culture, as well as histologic examination. The sanatorium pathologist reported a diagnosis 
of ‘‘chronic granuloma’’ of the lung. Hematoxylin and eosin, periodic acid—Schiff, and 
Brown and Breen stains were made of the tissue. No organisms were demonstrated. Cultures 
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were negative. This patient has been followed in the outpatient clinic and, with one ex- 
ception, every specimen submitted for study to date has produced a luxuriant growth of 
N. asteroides. The clinical picture has shown little, if any, change to date. The chrono- 
logic sequence of isolations on this patient is shown in Table II. 


Discussion 


For purposes of classification, Runyon® proposed 4 distinet groups of previ- 
ously unelassified acid-fast bacteria. The noecardias are included in Group IV. 
The organisms in this group characteristically are rapid growers. As previously 
noted, growth of NV. asteroides becomes evident between 5 and 6 days. Its colony 
characteristics are distinctive and ean be readily recognized with practice. This 
is borne out by the facet that approximately 94 per cent of the primary isolates 
of N. asteroides picked by visual inspection and staining were later confirmed 
by biochemical and cultural techniques.* 

While all the N. asteroides isolates were at least partially acid-fast when 
stained by our routine method, other investigators have recommended less 
drastic destaining procedures. Among these methods are the use of weak 
sulfuric or aqueous hydrochloric acid destaining solutions. When using destain- 
ing methods less drastic when compared to our routine, we were not able to 
detect any significant difference. Nevertheless, we now routinely use both 
methods. 

In 1951, Ajello and associates! determined the effect of various digestion and 
concentration procedures on N. asteroides and other fungi. While 84 per cent 
of the cultures were positive following treatment with 4 per cent sodium hy- 
droxide plus mechanical shaking for 10 minutes, 100 per cent of the cultures 
were positive after 4 hour treatment with 10 per cent trisodium phosphate. 
Though direct inoculation of sputa without sodium hydroxide treatment could 
not be done concurrently in this series, the number isolated by digestion sup- 
ports their observations. Several investigators ® have reported survival of 
N. asteroides after sodium hydroxide treatment. Our results are not compatible 
with reports by others’? that sodium hydroxide treatment is invariably lethal 
to N. asteroides strains. 


Attention should be called here to the use of trisodium phosphate as a 
digestant. Three sputa, in which N. asteroides was found after sodium hy- 
droxide coneentration, were negative when ineubated overnight in trisodium 
phosphate. This lethal effect is probably similar to the toxicity of sodium hy- 
droxide with long incubation periods observed by Ajello and associates’ in their 
study. Because of its convenience, many laboratories use overnight ineubation 
with trisodium phosphate rather than the 4 hour ineubation period used by 
Ajello. The overnight incubation may account for failure to recover N. as- 
terowdes. 

Obviously, we cannot infer from this study that all strains of N. asteroides 
which were present in the sputum specimens survived concentration. Nor do 
we suggest that sodium hydroxide treatment replace conventional direct ecul- 
turing methods. While hospitals have access to fresh material, public health 
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laboratories do not. A much greater number of contaminants are present in 
our specimens and direct inoculation usually results in overgrowth by other 
organisms. 

N. asteroides grows well on most common media. It is particularly im- 
portant that this be kept in mind when culturing spinal fluid, since many rou- 
tine media would demonstrate the organism, if present, without any special 
procedures. 

The diagnosis of pulmonary nocardiosis on the basis of sputum findings is 
not easily established. In the literature, various opinions have been made as to 
the prevalence of the disease in this and other countries. Peabody and Seabury* 
have adequately discussed this problem. Some investigators have maintained 
that the mere recovery of N. asteroides from sputum is indicative of nocardi- 
osis.*°. 11 On the basis of our findings, isolation of N. asteroides, without other 
supporting information, is an insufficient basis to establish a diagnosis for that 
disease. A diagnosis of pulmonary nocardiosis could not be established in any 
of the 134 patients from whom N. asteroides was isolated in the course of this 
study. Lung tissue from 2 patients was examined histologically and found to 
be free of N. asteroides. One of these patients (Case 4) has yielded 21 cultures 
of that organism over a 3 year period. . 

Since approximately 45 per cent of the specimens we routinely receive come 
from tubereulosis hospitals, we would, within the limits of our procedures, ex- 
pect to find a much higher percentage of isolations of N. asteroides if 
MeQuown’s® observations were correct. MeQuown estimated that approximately 
5 per cent of patients in tuberculosis hospitals have nocardiosis. However, data 
were not presented to support this statement. As shown in Table I, in our study 
only 175 cultures of N. asteroides were obtained from 85,435 clinical specimens, 
or 0.2 per cent positive. The ratio of N. asteroides isolations to positive M. 
tuberculosis cultures was 1:58. 

Of the 175 strains of N. asteroides isolated, 42 were tested for pathogenicity. 
All of them were found to be pathogenic to the guinea pig. With some strains 
it was necessary to inoculate several guinea pigs before pathogenicity could be 
demonstrated. 

The relatively large number of recoveries of N. asteroides from sputum 
raises the question as to the significance of this fact. The majority of the pa- 
tients with positive cultures had diagnoses of pulmonary disorders of undeter- 
mined etiology. Despite the failure to demonstrate histologically the presence 
of N. asteroides in lung tissue from 2 of the patients, it may be that this group 
of individuals was afflicted with a chronic, mild form of nocardiosis. Intensive 
bacteriologie studies to exclude infection by other microorganisms and histologic 
studies would need to be carried out to determine the truth of this. 

If the patient’s symptoms were induced by other agents or causes, the possi- 
bility exists that N. asteroides was a secondary invader. Such was probably 
the case in the patient with histoplasmosis and in those from whom J. tuber- 
culosis had been isolated. 

Two potentially pathogenic organisms, Actinomyces bovis and Candida al- 
bicans, are considered to be normal components of the microflora of the human 
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body. They are recovered from normal individuals with great frequency. It 
may be that N. asteroides normally exists in the body in a nonpathogenic state. 
However, this possibility is considered to be remote, since N. asteroides was re- 
eovered from only 175 of 85,435 sputa. It would seem that N. asteroides is not 
normally present in the human body. 


N. asteroides has been recovered from soil,'*’ and is considered to exist 


there as a saprophyte. Inhalation of the air-borne mycelial elements of this 
actinomyeete is generally the source of primary and secondary infections. A 
eultural survey of sputum, and bronchial and gastric washings obtained from 
individuals free of pulmonary disease would need to be carried out to deter- 
mine whether N. asteroides is normally present in the human body. 
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Hexosamine content of aged and chronically 


diseased lung 


HERBERT A. SALTZMAN, M.D., MURIEL K. SCHAUBLE, M.D., and 
HERBERT O. SIEKER, M.D. Durham, N. C. 


WITH THE TECHNICAL ASSISTANCE OF RANDALL B. VANDERBEEK 


Connective tissue ground substance forms a substantial portion of lung tissue and may 
be implicated in the development of pulmonary emphysema and fibrosis. Hexosamine, 
an important constituent of grownd substance, and its components, galactosamine and 
glucosamine, were determined in lung tissue from laboratory animals of varying ages 
and human necropsy material. Each specimen was graded histologically. Correlations 


were made with the clinical course and autopsy material. 


The mean pulmonary hexosamine content in healthy animals of several species extended 
from 0.771 to 0.583 mg. per 100 mg. of tissue dry weight and averaged 0.652 mg. for 
normal human lung. The mean ratio of galactosamine to glucosamine ranged from 0.19 
at age 2 months to 0.16 for 2-year-old rabbits, and averaged 0.223 in man. Variation 
within a species proved to be small, and the absence of significant change throughout 
a broad life span of laboratory animals suggested that age-dependent hexosamine altera- 
tions were unlikely in lung tissue. 


Fifteen specimens, characterized histologically as pulmonary emphysema, averaged 0.671 
mg. per cent for hexosamine content and 0.249 for the galactosamine-glucosamine ratio, 
compared to means of 0.782 and 0.170, respectively, for 18 specimens exhibiting the 


microscopic findings of acute infection, hemorrhage, or edema. 


These studies demonstrated that galactosamine-glucosamine ratios were considerably 
higher than control values in ceé rtain emphyse ma specimens, although group differences 
were not significant statistically. In the presence of acute histologic change, however, 
the mean hexosamine content increased, and the average galactosamine-glucosamine ratio 
decreased. These differences were statistically significant. It is suggested that these 
hexosamine changes may have been associated with basic alterations in lung ground 
substance that could contribute to the development of chronic pulmonary disease. An 


alternatwe explanation is that the bioochemical findings reflected differences in pulmonary 
blood content. 


From the Veterans Administration Hospital, and Duke University Medical Center, Dur- 
ham, N. C. 


Received for publication Oct. 3, 1960. 
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— emphysema is a common disabling illness, but the pathogenesis 
is not completely understood. The prevalence of this disease either in the aged 
or in younger patients with preexistent chronic bronchopulmonary disorders 
suggests that allied degenerative processes may initiate pulmonary emphysema. 
Recent investigations of these relationships have included analysis of lung 
tissue for evidence of age- or disease-dependent biochemical changes. Pierce 
and Hocott' have reported decreased collagen-elastin ratios in aged lung but 
have not observed significant differences in collagen content between aged and 
emphysematous lung. Briscoe and associates? have observed a progressive in- 
crease in lung hydroxyproline content which correlates well with age, implying a 
related increase in collagen as well. Similar changes for lung collagen have 
been reported in animals.* 

Hexosamine has been, demonstrated to change significantly in aged cartilage 
and nucleus pulposus, but similar observations have not been made on lung 
tissue.” > For that reason, pulmonary parenchyma was studied to determine 
whether hexosamine or its primary components, galactosamine and glucosamine, 
were altered in the presence of aging or disease. 


Methods 


Lung parenchyma was obtained from healthy rats, dogs, guinea pigs, and rabbits of 
varying ages. Human pulmonary parenchymal tissue specimens were obtained at nec- 
ropsy. Histologic and biochemical observations were made on each specimen. 

The portion for histologic study was fixed in buffered formalin, embedded in paraffin, 
sectioned, and stained with hematoxylin-eosin,. the Verhoeff-Van Gieson elastic tissue 
stain, and the Alcian blue periodic acid—Schiff mucopolysaccharide strain. The specimens 
from human material were classified microscopically into the following 4 categories: (1) 
normal; (2) emphysema and fibrosis; (3) acute changes of edema, congestion, pneumonia, 
hemorrhage, or combinations thereof; and (4) mixed acute, chronic inflammation, and 
emphysematous changes. 

The tissue for biochemical analysis was acteone dried, weighed, hydrolyzed in dilute 
acid, filtered, and placed on short Dowex-50 ion exchange resin columns. Hexosamine 
was eluted off with strong acid and measured colorimentrically.6 Lung specimens from 
perihilar areas contained significantly larger amounts of hexosamine than did peripheral 
aliquots. The differences seemed to reflect the greater bronchial cartilage content of 
proximal tissues. For this reason specimens were obtained routinely from peripheral 
subpleural segments of the lower lobes. A portion of the same hydrolysate was placed 
on long Dowex-50 resin columns, and the glucosamine-galactosamine components were 
separated by a time acid gradient elution into serial 2 ml. fractions.?7 The first component 
appeared after 120 ml. acid had been eluted, the second after 160 ml. had been separated. 
Mixing of components at their junction during the fraction collection was readily 
estimated by mechanical planimetry of the plotted curves, and good separation was 
usually obtained. The sum of collected fractions ranged from 90 to 115 per cent of the 
total hexosamine value determined directly from the same specimen, and the maximum 
observed variation in galactosamine-glucosamine ratios was less than 10 per cent when 
a fractionation was repeated. 

Normal tissues in animals and man were analyzed for hexosamine, galactosamine, 
and glucosamine differences related to age or species. The biochemical observations on 


pathologic human lung were correlated with specimen histology and available clinical 
data. 
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Results 


The average hexosamine content of healthy adult mammalian lung tissue 
was 0.771 mg. per 100 mg. dry weight for rats, 0.704 for dogs, 0.583 for rabbits, 
0.642 for guinea pigs, and 0.652 for man (Table I). Galactosamine-glucosamine 
ratios were 0.16 and 0.223 for rabbits and humans, respectively. 


Table I. Lung hexosamine, galactosamine, and glucosamine observations from 
healthy adults of several mammalian species 





Average hexosamine | 


| 
| 
Number of | content (mg. per | Galactosamine to 





Species observations 100 mg. dry weight) glucosamine ratio 
Rats 9 0.771 
Dogs 6 0.704 
Rabbits 6 0.583 0.16 
Guinea pigs 1] 0.642 
Man 9 0.652 0.223 





Table II, Age distribution of lung hexosamine and its components in a healthy 
homogenous strain of laboratory rabbits 





| Average hexosamine 
| 
| 
| 





Number of (mg. per 100 mg. of | Galactosamine to 
Age of rabbits observations | tissue dry weight) | glucosamine ratio 
Newborn 3 0.503 
2 weeks 3 0.521 
2 months 3 0.557 0.19 
4 months 6 0.550 0.18 
8 months 3 0.541 0.23 
18 months 3 0.566 0.19 
2 years or older 6 0.583 0.16 





In order to evaluate the effect of aging, lung tissue hexosamine was de- 
termined in a pure strain of healthy laboratory rabbits varying in age from 
birth to more than 2 years (Table II). The hexosamine content ranged from 
an average of 0.503 mg. per cent at birth to 0.583 for animals greater than 
2 years of age. Average galactosamine-glucosamine ratios for the same rabbit 
specimens varied from 0.16 to 0.23. 

Pulmonary parenchymal specimens obtained at necropsy from 51 patients 
with pulmonary abnormalities were studied. Hexosamine findings were tabu- 
lated according to both histologic and clinical criteria. Specimens from 15 
patients revealed the microscopic changes of emphysema only. In many in- 
stanees there was clinical documentation of respiratory disability, including 
dyspnea, impaired pulmonary function, anoxemia, and hypereapnia. The 
histologic abnormalities consisted of alveolar space dilatation, alveolar wall 
narrowing, elastic fiber fragmentation, avascularity, and rupture or fibrosis 
of septal walls (Table III). Histochemically, the amount of elastic tissue fibers 
visible seemed unchanged from the normal, although the character and continuity 
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did change remarkably. The quantitative and qualitative distribution of 
acid mucopolysaecharide, as visualized with the Aleian blue P.A.S. strain, 
did not differ from the findings in normal lung tissue. The mean hexosamine 
content of emphysematous lung was 0.671 mg. per 100 mg. dry weight with 
an average galactosamine-glucosamine ratio of 0.249, and it did not differ 
significantly from normal values. However, 8 specimens showed a rise in the 
galactosamine-glucosamine ratio of more than one standard deviation above 
normal values, up to levels as high as 0.34. 

Specimens from 18 subjects showed acute histologic changes only, including 
edema, hemorrhage, or infection (Table IV). In this group, the mean hexosamine 
content of 0.782 mg. per cent did differ significantly from that observed in 
the normal or emphysema groups. The average galactosamine-glucosamine 
ratio of 0.170 was more than one standard deviation below the normal mean 
in 11 of the 18 specimens. 

Eighteen specimens, demonstrated, histologically, a mixture of acute, 
ehronic inflammatory, and emphysematous changes. Hexosamine and its 
components did not differ quantitatively from the normal range in this group. 


Table III. Lung specimens obtained from 15 patients with histologic findings 
of pulmonary emphysema and fibrosis 





Pure pulmonary emphysema 


(mg. per 100 mg. tissue dry weight) itis ti 
a Tr < 

















Histologic grade Hexosamine Galactosamine | Glucosamine glucosamine ratio 
1+ 0.573 0.149 0.424 0.26 
1+ 0.533 0.171 0.362 0.32 
1+ 0.592 0.154 0.438 0.26 
1+ 0.709 0.184 0.525 0.26 
1+ 0.608 0.176 0.432 0.29 
2+ 0.607 0.174 0.433 0.26 
24 0.675 0.169 0.506 0.25 
2+ 0.817 0.139 0.678 0.17 
2+ 0.743 0.119 "0.624 0.16 
2+ 0.730 0.161 0.569 0.22 
2+ 0.802 0.201 0.601 0.25 
3+ 0.716 0.122 0.594 0.17 
3+ 0.640 0.147 0.493 0.23 
4+ 0.610 0.207 0.403 0.34 
4+ 0.710 0.206 0.504 0.29 

Mean 0.671 0.165 0.506 0.249 

Standard 

deviation 0.084 0.026 0.089 0.055 
Discussion 


It is apparent that normal lung tissue contains relatively small amounts 
of hexosamine, approximating 0.6 per cent of tissue dry weight. Although small 
species differences occur, the magnitude of this variability is less than 20 per 
cent of the total when small mammals are compared to man. 
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There is also little variation in the quanitative distribution of hexosamine 
components in the normal animal and human lungs studied. Furthermore, 
these components, expressed as the ratio of galactosamine to glucosamine, did 
not differ quantitatively throughout a broad life span of healthy rabbits. It 
seems likely that this observation can be extended to healthy human lung as 
well, and that changes in hexosamine content or components do not appear 
in normal or aging lung in the absence of histologically evident disease. Changes 
in this measurement are reported for other tissues in the presence of the micro- 
secopie aging changes. For example, in aging nucleus pulposus, the hexosamine 
content and the galactosamine-glucosamine ratio decrease sharply.‘ 


Table IV. Lung specimens obtained from 18 patients with the histologic 
findings of acute infection, hemorrhage, edema, or a combination thereof 





(mg. per 100 mg, tissue dry weight) Galactosamine to 
7 « 





Acute histologic changes only | 
_| 








Histologic grade Hexosamine | Galactosamine Glucosamine glucosamine ratio 
2+ 0.911 0.109 0.802 0.12 
34 0.770 0.177 0.593 0.23 
34 0.829 0.058 0.771 0.07 
4+ 0.528 0.069 0.459 0.13 
2+ 0.832 0.125 0.707 0.15 
4+ 0.935 0.318 0.617 0.34 
4+ 0.912 0.192 0.720 0.21 
3+ 0.597 0.131 0.466 0.22 
2+ 0.667 0.093 0.574 0.14 
3+ 0.952 0.133 0.819 0.14 
2+ 0.556 0.178 0.378 0.32 
2+ 0.596 0.066 0.530 0.11 
1+ 0.675 0.142 0.533 0.21 
4+ 0.934 0.205 0.729 0.22 
2+ 0.913 0.055 0.858 0.06 
1+ 0.853 0.145 0.708 0.17 
2+ 0.793 0.111 0.682 0.14 
4+ 0.824 0.066 0.758 0.08 

Mean 0.782 0.132 0.650 0.170 

Standard 

deviation 0.14 0.063 0.014 0.077 





The trend toward higher ratios of galactosamine to glucosamine in emphy- 
sematous lung suggested the possibility of a significant relationship between 
altered hexosamine components and the development of pulmonary emphysema. 
In this regard, Fessler® has demonstrated striking elastic properties for 
hyaluronie acid-collagen-water mixtures. He has also reported that variation — 
in the small amount of hyaluronic acid present will alter these same elastic 
properties substantially. Since changes in lung elasticity seem important in the 
pathogenesis of pulmonary emphysema, it is possible that even small hexosamine 
changes, as were observed in emphysematous lung, could modify the mechanical 
properties of pulmonary tissue and lead to subsequent morphologic abnor- 
malities. 
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It is also possible that the same changes in lung galactosamine and 
glucosamine components may reflect variations in pulmonary blood content at the 
time tissue is obtained for analysis. Blood contains relatively large amounts of 
hexosamine with a very low galactosamine-glucosamine ratio, approximating 
100 mg. per cent and 0.10, respectively. Therefore, a decrease in lung blood 
content might result in an apparent rise in the galactosamine portion of total 
lung hexosamine. Since the more severe grades of emphysema are accompanied 
by microscopic avascularity, this possible explanation merits serious consideration. 

Significant changes in lung hexosamine and its components were observed 
in the presence of acute histologic findings. These alterations represented the 
opposite of trends noted for emphysematous tissue. Since all acute histologic 
changes ineluded the appearance of large amounts of blood or its products in 
lung parenchyma, plasma hexosamine could be responsible for both the high 
tissue hexosamine and the low galactosamine-glucosamine ratios actually ob- 
served. However, Gersh’® has observed electron microscopic changes in lung 
basement membrane during acute inflammation. Our observations may be 
related to similar ground substance changes. 

Although the causes of emphysema remain obscure, it appears probable 
that primary connective tissue structural changes produce the physiologic 
alterations of this illness. Lung is unique among the body organs which change 
size repetitively as an integral part of their function, in that slender strands 
of connective tissue, cartilage, negative intrapleural pressure, and surface forces 
fulfill thé struetural requirements usually accomplished by large groups of 
muscle or bone. It is, therefore, of considerable importance to delineate altera- 
tions in supporting tissues which might produce irreversible morphologic and 
functional changes. The lung hexosamine abnormalities observed in this study 
may be associated with the histologically evident disease, but could also have 
been an incidental finding due to changes in pulmonary blood content. Further 
investigation of isolated lung structures, such as bronchial cartilage, and 
an evaluation of other pulmonary connective tissue components, may clarify 
this problem. 


Acknowledgment is made of the technical assistance of Mary Rives and Mrs. 
Josephine Smith. 
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Announcement 


Beginning with Volume 58, THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE will 
no longer publish both an abstract at the beginning and a summary at the end of each article. 
We will publish a single abstract of 250 words or less describing in general terms the problem 
under investigation, the methods employed, the observations which have been made, and the 
principal conclusions. 








Laboratory methods 





A method for the localization of catalase on starch gels 


OSCAR A. THORUP, JR., M.D., WILLIAM B. STROLE, M.D., and 
BYRD 8S. LEAVELL, M.D. Charlottesville, Va. 


WITH THE TECHNICAL ASSISTANCE OF FLORINE FITZWATER and HELEN HUGHES 


The rapid rate of destruction of hydrogen peroxide by the enzyme catalase was exploited 
in the development of a method by which the enzyme can be localized on a starch gel 
after electrophoresis. Following a 30 second immersion in a solution of sodiwm thio- 
sulfate and hydrogen peroxide, the gel is removed to a solution of potassium iodide, and 
the staining reaction occurs in the next few minutes. Reaction between sodium thio- 
sulfate and hydrogen peroxide is prevented by destruction of hydrogen peroxide in the 
area of the gel containing catalase. On the surface of the rest of the gel, hydrogen 
peroxide destroys the reducing capacity of sodiwm thiosulfate and oxidizes the iodide to 
iodine. The starch gel is stained the characteristic blue-black color by iodine in all 
areas except that containing catalase. 


Data are presented regarding the sensitivity of the method. 


am is perhaps best known for the remarkable speed with which it 
decomposes hydrogen peroxide to molecular oxygen and water. One molecule 
of catalase can destroy 44,000 molecules of hydrogen peroxide per second. 
It ranks as one of the most effective enzymes known.’ 

This characteristic of catalase was exploited in the present investigation 
to develop a technique by which the enzyme ean be localized on a starch gel 
after electrophoresis of either’ hemolysates of human erythrocytes or com- 
mercially available bovine catalase. The purpose of this report is to present 
the details of the development of the staining method used in earlier studies 
reported by us.’ 


Methods 


Electrophoresis. The method of starch gel electrophoresis described by Smithies? was 
used. Electrophoresis was carried out for 5 to 8 hours at room temperature with a po- 
tential gradient of 4 v. per centimeter and a current of 4 to 5 Ma, for each gel when gels 
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potential gradient of 4 to 5 v. per centimeter and a current of 20 Ma. when a gel 15.5 by 
26 by 0.7 em. in size was used. 


2 by 25 by 0.7 em. in size were used and for 10 to 20 hours at room temperature with a 


Hydrolyzed starch was obtained commercially.* Borate buffer was employed at pH 
8.6 and prepared as follows: ; 

BRIDGE BUFFER. (Approximately 0.3 M) 18.55 Gm. H,BO, was dissolved in distilled 
water. The desired pH was obtained by the addition of concentrated NaOH solution and the 
volume brought to 1 L. by the addition of distilled water. 

GEL BUFFER. (Approximately 0.03 M) 1.42 Gm. H,BO, was dissolved in distilled 
water. The desired pH was obtained by the addition of concentrated NaOH solution and the 
volume brought to 1 L. by the addition of distilled water. As the starch is slightly acid, the 
pH of the gel buffer must be slightly higher than that of the bridge buffer. The gel must 
have the same final pH as the bridge buffer. 


Staining materials 


Catalase stain. 
SOLUTIONS. 


H.O, 0.88 M (3.0 per cent) 
Na.S.0, - 5H,O 0.06 M (1.5 per cent) 
KI 0.09 M (1.5 per cént) 


The gel was cut along its horizontal plane with a razor and the 2 pieces were separated. 
The first staining solution was prepared by pouring 12 ml. of Na,S,0,-5H,O (0.06 M) and 
28 ml. of H,O, (0.88 M) together into a small flat dish. The piece of gel to be stained 
was immediately immersed in this solution for 15 to 30 seconds. With a spatula the gel 
was removed from the first solution and placed into a second dish, which contained 50 ml. 
of KI (0.09 M). The dish was gently rocked and the blue-black staining of the starch 
by iodine appeared after a few moments at the anodal end of the gel. The staining of 
the starch proceeded slowly until all but the area of catalase activity was stained. This 
area was well defined before maximum intensity of the stain was obtained. When suitable 
differentiation was obtained, the gel was removed and washed in water redistilled in glass. 
The gels were preserved for short periods without distortion when placed on a sheet of 
glass or plastic, covered with a thin sheet of polyethylene, and stored in a Deepfreeze. 
Stored in this manner, they gradually dried out, and there was some distortion. Photo- 
graphs were taken immediately after staining or within 12 to 15 hours of storage. 

Benzidine-peroxidase stain. Benzidine base (0.5 Gm.) was ground with a few drops 
of glacial acetic acid. Two hundred milliliters of water was added and the solution filtered. 
To the filtrate was added 4 drops of 0.88 M hydrogen peroxide. Freshly prepared solutions 
were used and the gels were immersed for 5 minutes. 

It is important to use water redistilled in glass in making all buffers and staining 
solutions because ordinary distilled water may contain reducing substances which interfere 
with the catalase staining reaction. 


Results 

When a starch gel was immersed in a solution of hydrogen peroxide after 
electrophoresis of red blood cell hemolysate, a gas escaped from the surface 
of the gel in the area behind the main hemoglobin band. Within 1 to 2 
minutes, as the peroxide solution permeated the gel, some gas bubbles which 
formed were trapped within the substance of the gel (Fig. 1, B). After ex- 
posure to the hydrogen peroxide solution for 2 to 3 minutes, the gel was re- 
moved to a 0.1 N potassium permanganate solution. The area of the gel 
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Fig. 1. Electrophoresis of erythrocyte hemolysate with hemoglobin concentration 5.0 Gm. 
per cent. Each gel was divided lengthwise and the halves treated as follows: A, unstained 
starch gel; B, after immersion in H,O, (3 per cent) for 3 minutes. Note fine bubbles of 
trapped gas; C, immersion in H,O, (3 per cent) followed by 0.1 N KMn0O, and rinsed with 
one per cent acetic acid; and D, stained with catalase stain described in this paper. 


containing the trapped gas was stained the purple-red color of oxidized 
potassium permanganate, while the rest of the surface of the gel was covered 
with a brown precipitate of manganese dioxide. This contrast was made 
more prominent by rinsing the gel in a solution of 0.16 M acetie acid, which 
removed the manganese dioxide and revealed that the potassium permanga- 
nate, in its oxidized state, had permeated the depth of the gel in the catalase 
area. The rest of the gel was colorless (Fig. 1, C). The fact that molecular 
oxygen is released when catalase acts upon hydrogen peroxide suggested that 
the bubbles of gas were due to the presence of catalase which had been 
electrophoretically separated from hemoglobin. 

The marked distortion of the leading edge of the catalase band which 
resulted when this stain was used made it desirable to develop a stain which 
would more accurately define the area of catalase \ctivity. The stain de- 
scribed above under Methods depends upon the ability of catalase to destroy 
hydrogen peroxide and upon the reaction between hydrogen peroxide and 
sodium thiosulfate. It clearly defines the area of catalase activity (Fig. 
1, D). 

The reaction between sodium thiosulfate and hydrogen peroxide is a 
complicated one. The products of the reaction probably include sulfur di- 
oxide, sulfur, and sodium tetrathionate. The important fact for our purpose 
is that this reaction destroys the effectiveness of sodium thiosulfate as a re- 
ducing compound. When equal parts of 0.88 M hydrogen peroxide solution 
and 0.06 M sodium thiosulfate solution are mixed, enough sodium thiosulfate 
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remains to reduce added iodine to iodide for only one minute. Thereafter, 
it will fail to reduce added iodine. It is the relatively rapid destruction of 
sodium thiosulfate as a reducing compound that makes it important to mix 
the sodium thiosulfate solution with the hydrogen peroxide immediately before 
using. 

Electrophoresis of commercially available bovine liver catalase and horse- 
‘adish peroxidase was carried out using starch gel as the supporting medium 
with a borate buffer at pH 8.6. The components of the horse-radish peroxidase 
were identified by the benzidine stain, but not by the catalase stain. Con- 
versely, the bovine liver catalase was easily identified with the catalase stain, 
but it could not be located by the use of the benzidine stain (Fig. 2). 

Electrophoresis of a hemolysate obtained from a person with normal 
adult hemoglobin was carried out side by side with a solution containing 
bovine liver catalase using a single starch gel as a supporting medium and 
borate buffer at pH 8.6. The location of each catalase was determined using 
the method described in this paper (Fig. 3). Under these conditions the 
mobilities of the 2 ecatalases were found to be different and erythrocyte 
catalase was found to trail the major hemoglobin component. 

To determine the sensitivity of the method, serial dilution of bovine 
satalase and fresh human hemolysates were used. This procedure disclosed 





Yig. 2. Comparison of the staining characteristics of bovine liver catalase and horse-radish 
peroxidase. Catalase. The 2 halves of the gel containing catalase were stained as follows: 
A, with catalase stain described in this paper; B, with the benzidine stain. Peroxidase. 
The 2 halves of the gel containing peroxidase were stained as follows: B, with the benzi- 
dine stain; A, with catalase stain described in this paper. 











Fig. 3. a, Approximately 0.01 ml. of normal adult erythrocyte hemolysate (Hb—8.4 Gm. 
per cent) and b, approximately 0.01 ml. of bovine liver catalase (5 mg. per milliliter of 
phosphate buffer, pH 7.0) were run side by side on the same gel, pH 8.6, for 5 hours. Gel 
was cut and one half left unstained (left) while the other (right) was stained for catalase 


activity. 





Fig. 4. Samples of bovine liver catalase (0.01 ml.) in M/15 phosphate buffer, pH 7.0, were 
applied to filter papers and inserted as indicated. Doubling dilutions were used. The solu- 
tion applied to filter paper inserted at A contained 16.6 yg bovine liver catalase while that 
applied to the filter paper inserted at E contained 1.0 wg. Catalase stain described in the 
text was employed to detect site of catalase activity after vertical electrophoresis for 10 
hours with potential drop of 4 to 5 v. per centimeter and current of 20 Ma. using borate 
gel buffer, pH 8.6. 
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that a quantity as small as 1.0 ng of bovine liver catalase (Fig. 4) or the 
amount of erythrocyte catalase in 0.01 ml. of fresh human erythrocyte 
hemolysate with a hemoglobin concentration of 0.078 Gm. per cent and 
K catalase 5.45* could be detected by the method (Fig. 5). 
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Fig. 5. Samples (0.01 ml.) of red cell hemolysate from an individual with K catalase 
value of 5.45 units determined by the assay method of Takahara and associatest were 
applied to filter papers and inserted as indicated. Doubling dilutions were used. The 
hemolysate applied to filter paper inserted at A contained 1.0 mg. hemoglobin while that 
applied to the filter paper inserted at H contained 0.0076 mg. hemoglobin. Catalase stain 
described in text was employed to detect site of catalase activity after vertical electro- 





phoresis for 20 hours with potential gradient of 4 to 5 v. per centimeter and a current 
of 20 Ma. using a borate gel buffer, pH 8.6. 


Discussion 


It seems reasonable to assume that the solution of sodium thiosulfate and 
hydrogen peroxide penetrates the surface of the gel slightly. during its 
short immersion. In the area occupied by the catalase, hydrogen peroxide 
is rapidly destroyed while the sodium thiosulfate is left unaltered. On the 
rest of the surface of the gel sodium thiosulfate is destroyed by the excess 
hydrogen peroxide. When the gel is immersed in the potassium iodide solu- 
tion, the hydrogen peroxide present on the surface of the gel, except in the 
area of catalase activity, oxidizes the iodide to iodine and the starch is 
stained a characteristic blue-black color. As the hydrogen peroxide is de- 
stroyed in the catalase area, no iodine is released there, and any iodine which 
might escape into the solution from the rest of the gel and settle there is 
reduced on contact by the sodium thiosulfate present. 

This technique may be used to localize catalase in any medium containing 
starch or to which starch might be added. 
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A new automatic carbon dioxide analyzer: Its 


performance in presence of anesthetic gases and vapors 


JOHN P. BUNKER, M.D.,* HENDRIK H. BENDIXEN, M.D.,** 
and ANNA J. MURPHY, B.S. Boston, Mass., and Palo Alto, Calif. 


A method for the rapid automatic measurement of carbon dioxide concentration of 
respiratory gases is described. The determination is based upon the changes in pressure 
of a sample of known volwme (45 ml.) after removal of carbon dioxide by adsorption . 
on soda lime. Progression of gas flow through the apparatus is effected by a rocking, 
nearly frictionless mercury pump, and requires 15 seconds for completion. Carbon 
dioxide in air or oxygen, in concentrations of 2 to 14 per cent, was measured with an 
accuracy of + 0.1 vol. per cent. In the presence of anesthetic gases or vapors, an ac- 
curacy of +0.2 vol. per cent was obtained. Wet or dry samples were measured with 
equal accuracy, and rapid changes in room temperature, within the range of 15 to 25° 
C., had no effect on accuracy. 


ae clinical diagnosis of disturbances in ventilation continues to be handi- 
capped by the lack of a simple and accurate method for the analysis of carbon 
dioxide concentration of respiratory gases. This need can be met largely by a 
new automatic carbon dioxide analyzer,t designed on old principles, but incor- 
porating special advantages, particularly for use in the presence of anesthetic 
gases and vapors. A report of its performance is presented. 


Principle of operation 


The gas sample is automatically drawn by a rocking spring-loaded mercury pump 
through a cartridge of saturated crystals of ammonium sulfate into a constant volume 
chamber, adjusted to atmospheric pressure, and forced through a cartridge of soda lime. 
The ammonium sulfate brings the moisture content of the sample to approximately 85 per 
cent and in equilibrium with the moisture of soda lime; the soda lime then removes the 
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carbon dioxide, causing a drop in pressure proportional to the carbon dioxide content of the 
sample. This drop in pressure is measured by a sensitive pressure gauge which is calibrated 
to read as carbon dioxide in volumes per cent of the original sample. In order to avoid 
contamination of a sample by gas from the previous analysis remaining in the ammonium 
sulfate cartridge and the associated tubing, the instrument automatically goes through its 
operating cycle twice. A sample of approximately 45 ml. is required and the entire analysis 


takes 15 seconds. 





Fig. 1. Automatic analyzer showing cartridges of soda lime and ammonium sulfate, pres- 
sure gauge, and handle for initiating automatic analysis. Manual depression of handle 


winds up spring which drives rocking pump. 


Methods 


Performance was tested with concentrations of carbon dioxide of 2 to 14 per cent both 
with and without anesthetic gases and vapors. The analyzer response to anesthetic gases 
or vapors alone or with oxygen was. also tested. The mixtures of carbon dioxide and 
oxygen used were checked repeatedly by the standard method of Haldane.t The mixtures 
of carbon dioxide, anesthetic gases or vapors, and oxygen (or air) were made in a 5 L. 
Cryovac plastic bag* using a 50 or 100 ml. syringe and a threeway stopcock. It was not 
possible to check the accuracy of such mixtures by Haldane analysis, since anesthetic gases 
are rapidly adsorbed by alkali and result in a large positive error. However, to test the 
method of syringe mixing, mixtures of carbon dioxide and oxygen or air were made, analyzed 
on the Haldane apparatus, and found to agree with predicted carbon dioxide concentrations 


*All analyses were made within 10 minutes. At the end of 30 minutes, carbon dioxide 
concentrations within such bags were found to fall approximately 0.1 vol. per cent. 
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within 0.25 vol. per cent. To test the effect of humidity, wet and dry mixtures of carbon 


dioxide and oxygen were tested. Performance with moderate and marked changes in temper- 
ature was also examined. 
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Fig. 2. Sequence diagram of analyzer. Gases are alternately drawn in and expelled as pump 


rocks and mercury moves from one chamber to the other. Cycle is automatically repeated 
to wash out residual gases. 


Results 


The response to carbon dioxide-oxygen mixtures was essentially complete 
10 seconds after introduction of the sample into the analyzer (Fig. 3). In shift- 
ing from one mixture to another, repeated analyses were identical (within 0.1 
vol. per cent) after a preliminary ‘‘washout’’ cycle (Fig. 4). The response to 
earbon dioxide of varying concentrations was linear (Fig. 5). 

The anesthetic gases and vapors, mixed with air or oxygen, all produced 
positive readings of varying magnitude, greatest with diethyl ether, and smallest 
for nitrous oxide, Fluothane (halothane), and eyelopropane. The positive read- 
ings became smaller on repeated determinations (Fig. 6). 
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The response to mixtures of carbon dioxide, air (or oxygen), and nitrous 
oxide, eyelopropane, or Fluothane in anesthetic concentrations fell within 0.2 
per cent of the carbon dioxide—oxygen calibration curve for 10 seconds, at which 
time carbon dioxide adsorption was complete. Beyond 10 seconds, there were 
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Fig. 3. Calibration of automatic analyzer with known mixtures of carbon dioxide and oxygen. 


Readings taken at 5 second intervals. 
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Fig. 4. Serial measurements of carbon dioxide of known (10.3 per cent) concentration 
demonstrating need for preliminary ‘‘washout.’’ 
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Fig. 6. False positive readings with mixtures of inhalation anesthetics and air. No 
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continuous moderate to marked rises with all 3 anesthetic agents (Fig. 7). 
Mixtures containing diethyl ether in concentrations of less than 10 per cent 
behaved in a similar manner, but above 10 per cent ether concentration there 
was a positive error of 0.3 to 0.7 per cent present at 10 seconds and 2 ‘‘wash- 
outs’’ were necessary, which fact is, presumably, a reflection of the relatively 
slow saturation of soda lime with this anesthetic (Fig. 8). 

Carbon dioxide-oxygen mixtures were found to be measured with equal 
aceuracy when dry or moist. Dry mixtures of 8 or 10 per cent carbon dioxide 
in oxygen, previously checked by Haldene analysis, gave identical readings after 
saturation with water vapor at 25°, 37°, and 40° C.* 

Rapid changes in room temperature of 10° C. (15° to 25° C.) resulted in 
no change in accuracy of measurement of carbon dioxide—-oxygen mixtures. 
When cooled to 4° C. the instrument no longer was able to function. When the 
instrument was rewarmed, correct performance was not re-established until the 
machine had reached room temperature (24° C.). 
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Fig. 7. Automatic analyzer measurement of carbon dioxide in mixtures of carbon dioxide, 
anesthetic, and air. Single preliminary ‘‘washout’’ discarded. At time of 10 seconds’ 
reading, error introduced by anesthetic agent is negligible. 


Comment 


The rapid reaction of carbon dioxide and soda lime, and the relatively slow 
adsorption of anesthetic gases and vapors by the soda lime, allow to a large 
extent the separation of the 2 effects. By reading at 10 seconds, at which time 
carbon dioxide disappearance is essentially complete and adsorption of anes- 
thetic has just begun, the error introduced by anesthetic gas or vapor should 

*The instrument is calibrated for dry mixtures, and, therefore, in calculation of carbon 


dioxide tension in expired air, atmospheric pressure should be corrected for vapor pres- 
sure. 
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Fig. 8. Serial measurements of mixtures of carbon dioxide, air, and ether demonstrating in- 

creasing error with increasing anesthetic concentration and the need for 2 preliminary ‘‘ wash- 
outs’’ with higher concentrations of this anesthetic agent. 


be minimized. Surprisingly, the anesthetic introduced even less than the pre- 
dicted error. Only high concentrations of diethyl ether were associated with 
greater errors than were observed with carbon dioxide-oxygen mixtures without 
anesthetic. A possible explanation for this may be that the heat of the re- 
action of carbon dioxide and soda lime momentarily delays the adsorption of 
anesthetic onto the soda lime.* Thus, the instrument presents a unique ad- 
vantage for carbon dioxide analysis in the presence of anesthetic gases or vapors. 
The Haldane, Scholander,? and other analytic methods which depend on volume 
change following adsorption of carbon dioxide by soda lime are designed for 
reading after a state of equilibrium is reached, and, accordingly, allow large 
errors in the presence of anesthetic gases. 

The instrument is suitable for use in measurement of carbon dioxide at any 
point within the anesthetic system; for example, it provides a convenient method 
for testing the efficiency of carbon dioxide removal by soda lime and the 
efficiency of valves. For test of adequacy of ventilation, the analyzer can be 
used with end expiratory or ‘‘alveolar’’ samples; the difficulties of alveolar 
sampling are great, but the estimation of arterial carbon dioxide tension by the 
rebreathing method of Collier and associates* * provides a simple and accurate 

*The temperature within the soda lime cartridge was measured by a thermister needle, 

and rose approximately 3° C. within 5 seconds after injection of 50 ml. of 5 or 10 per 


cent carbon dioxide. The temperature elevation on the soda lime surface itself was pre- 
sumably somewhat greater. 
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alternative which has been used extensively and with considerable suecess in 
this laboratory. 

The authors suggest that the instrument is equally suitable for use outside 
the operating room. It has the very great advantage of simplicity and accuracy 
to recommend it for use for measurement of carbon dioxide in any situation. 
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Quantitative determination of the serum globulins 


beta,, and beta., by immunoelectrophoretic analysis 


CLARK D. WEST, M.D., VICTOR HINRICHS, M.D., and NANCY H. 
HINKLE, M.D. Cincinnati, Ohio 


Microimmunoelectrophoretic analysis has been used to detect consumption of antibody 
to Bi, and Bey as increasing amounts of serum are added to a series of tubes containing 
constant quantities of antisera. By reacting the supernatants from such tubes against 
serum electrophoresed in agar, the volume of serwm addition which results in nearly 
complete consumption of antibody is determined. From this end point volume, the con- 
centration of the protein in serum can be calculated, asswming a value for the antigen 
equivalence of the antiserwm. The method is reproducible, rapid, and relatively eco- 
nomical of antiserum. The determination is not affected by the presence of antibody 
to other proteins in the antiserum except that to gamma globulin; cross reaction 
between antibody to gamma globulin and B.y would have an effect on the end point during 
assay of certain abnormal sera. The extent of the error would amount to approximately 
8 per cent. No cruss reaction could be detected between antibody to gamma globulin 
and Bea. 


In normal individuals, both B.4 and B,y were found to vary widely in concentration, 
Values in children aged 6 months to 9 years averaged 38 per cent of the average adult 
level for Bz, and nearly equaled the adult level of Bey. 


tis technique of immunoelectrophoretic analysis, recognized to be of 
value in qualitative delineation of the antigenically separate protein fractions 
of serum, has not been used for quantitation of protein. Only by observation 
of the characteristics of the precipitin lines as regards their size, shape, defini- 
tion, and their distance from the electrophoretic axis is a rough estimate of the - 
quantity of antigen possible. For the study of the several proteins which can 
be defined only by the immunoelectrophoretie technique, a more reliable method 
of quantitation would be desirable. The present report concerns details of a 
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method of quantitation in which the equivalence point of the reaction of a single 
serum protein with its homologous antibody is determined by reacting the 
supernatant against serum electrophoresed in agar to detect residual antibody. 
The presence of reactions of other serum proteins with their antibodies occurring 
simultaneously does not affect the method, since the determination of specific 
residual antibody is made possible by the immunoelectrophoretic distribution. 
With the use of the micro-,! as opposed to the macroimmunoelectrophoretie tech- 
nique, the results are reproducible, relatively small quantities of serum and anti- 
serum are necessary, and determinations can be made relatively quickly. The 
present paper describes the method as it is applied to the two B. globulins, Boa 
and Boy. 

Because these 8, globulins were not available in pure form, their concentra- 
tions have been expressed in arbitrary units derived in terms of the standard 
antiserum used. The unit has been defined as the amount of the protein which 
will be precipitated by the antibody contained in 1 ml. of the standard anti- 
serum. For the quarititation, increasing volumes of the unknown serum are 
added to a series of tubes containing a constant volume of antiserum, and, 
after incubation, the supernatants of the mixtures are tested for specific anti- 
body by reacting them against a standard pooled serum electrophoresed in 
age. The end point value is the volume of serum addition which results in 
a supernatant giving a very faint precipitin line for the specific protein, in- 
dicating nearly complete removal of the specific antibody. The volume of 
serum necessary to add to 1 ml. of the standard antiserum to reach the end 
point is then considered to contain one unit of the protein in question. 
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Fig. 1. Immunoelectrophoretic pattern resulting when the standard antiserum, used for 
quantitation in this study, is reacted with normal human serum. 


Materials and methods 


The standard antiserum was produced in a 1l-year-old goat by injection of whole human 
serum incorporated in Freund’s adjuvant. The adjuvant was made in the usual 8.5:1.5:10 
mixture. Serum was diluted 1:6 in saline before incorporation in adjuvant. Subcutaneous 
injections of approximately 12 ml. of adjuvant were given on 6 occasions, 1 week to 10 
days apart. Each dose was given as multiple injections of 1 to 2 ml. Two months after 
completion of this initial series, a booster injection of 10 ml. of adjuvant was given. Anti- 
serum was obtained on several occasions thereafter by withdrawal of 150 to 200 ml. of 
blood. This antiserum gave well defined lines representing B.,, Bo», and other serum pro- 
teins when it was reacted against normal adult serum (Fig. 1). Antiserum was preserved 








a $8 Microimmunoelectrophoretic analysis of Bo, and Bey 139 
INt er 





























Y me oy 
3 Oz 25 
L. , 
« 30 . 
ke 76 > 








Fig. 2. Pattern of the antibody troughs and antigen well used for immunoelectrophoresis. 
Dimensions are in millimeters. 


by storage at -—10° C.; repeated freezing and thawing of antiserum did not detectably 
affect its potency. 

The microimmunoelectrophoretic method used employed standard glass microscope slides 
as originally described by Scheidegger.1 A 2.5 ml. aliquot of melted 2 per cent agar in 
veronal buffer, pH 8.2, ionic strength 0.05, was pipetted rapidly on a glass slide and allowed 
to solidify. A well for antigen and troughs for antibody were then cut, in the dimensions 
shown in Fig. 2. The antigen well was cut with a blunted 14 gauge needle and the agar 
was removed by suction. A template made of razor blades inserted in a plastic block was 
used to cut the antibody troughs and the slivers of agar were teased out with a needle. 
Electrophoresis was carried out in an apparatus accommodating 8 slides, adjustment of 
voltage and amperage having been made so that distribution of the proteins would be 
complete in 45 minutes. 

In preparing supernatants, various volumes of unknown serum were added to 0.2 ml. 
aliquots of the standard antiserum. The amounts used and the corresponding values for 
the protein concentration at the end point, expressed in arbitrary units, are given in Table I. 
Serum additions were made with serologic pipettes of 0.1 ml. capacity graduated in 0.001 
ml. As noted in Table I, serum was diluted fivefold prior to pipetting of small volumes. 
Arbitrarily, the greatest serum addition was placed at 0.1 ml. per 0.2 ml. of antiserum. 
For serum additions less than this, a volume was added of 0.15 M NaCl, sufficient to bring 
the total volume of the addition to 9.1 ml. In practice, a general range for the concentration 
of B., and Boy was usually first estimated by the appearance of the precipitin lines rep- 
resenting these proteins when the serum was reacted by the standard microimmunoelectro- 
phoretic technique. This range was then encompassed by the appropriate mixtures (Table I). 
The trial often had to be repeated to obtain the end point. About 2 ml. of antiserum was 
usually required (10 mixtures) for the determination of B., and #2. in a single specimen. 

After the serum-antiserum mixtures were prepared they were incubated for 30 minutes 
at 37° C. and then for 48 hours or more at 4° C. At the conclusion of this time, a standard 
pooled serum was electrophoresed in agar, as described above, and the supernatants of the 
serum-antiserum mixtures placed in the antibody troughs. The standard pooled serum was 
a mixture of equal volumes of serum from 10 healthy adults and the volume of it, electro- 
phoresed, was always 0.005 ml., measured into the antigen well by means of a Sanz pipette.? 
After addition of supernatants, the slides were incubated overnight at room temperature in 
a moist. chamber and the following morning examined with a magnifying glass or binocular 
loupe (X 2.3) on the glass top of an internally illuminated viewing box or by side lighting 
from a gooseneck lamp. In each case, the background was dark and light was transmitted 
through the slide at an angle providing for maximum definition of the precipitin lines. 
The end point was taken as the amount of serum which resulted in the line being visible, 
but faint, with further stepwise increase (Table I) in the amount of serum addition resulting 
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in disappearance of the line.* Extrapolation was frequently used in estimating the end 
point. If the precipitin line was well defined and relatively easy to see, but was absent with 
the next larger serum addition, the end point was extrapolated to a volume intermediate 
between the two. On the other hand, a supernatant producing a very faint precipitin line 
was considered to be at the end point. 


Table I. Composition of serum-antiserum mixtures for quantitation of Boa 


and Boy 








Volume of serwm added to Volume of serum per Concentration of protein in 
0.2 ml. antiserwm 1 ml. antiserum (V) serum (S)* S —1/V 
(ml.) (ml.) wnits/ml.) 
Diluted 15 
0.01 0.01 100.0 
0.02 0.02 50.0 
0.03 0.03 33.3 
0.04 0.04 25.0 
0.05 0.05 20.0 
0.06 0.06 16.7 
0.07 0.07 14.3 
0.08 0.08 12.5 
0.09 0.09 11.1 
0.10 0.10 10.0 
Undiluted 
0.025 0.125 8.0 
0.03 0.15 6.7 
0.035 0.175 5.7 
0.04 0.20 5.0 
0.05 0.25 4.0 
0.06 0.30 3.3 
0.08 0.40 2.5 
0.1 0.50 2.0 





*Concentration of B2a or Bam if supernatant of mixture is at end point. Values are in terms 
of arbitrary units calculated on basis that 1 ml. of standard antiserum contains suffi- 
cient antibody to precipitate 1 unit of Baa or Bam. 


The concentration of the antigen per milliliter of serum (8), expressed in arbitrary 
A 
units, was calculated as S = — in which A is the units of antigen which will be precipi- 
Vv 
tated by the antibody contained in 1 ml. of antiserum and V is the volume of serum ad- 
dition per milliliter of antiserum which results in the end point. For the standard antiserum, 
an arbitrary value of 1 was assigned to A for both B., and Boy. 
The reproducibility of the method was assessed by determining on repeated runs the 
end point of mixtures of antiserum and standard pooled serum. Such mixtures were 
initially run with each batch of unknowns. 


For tests for cross reactions involving antibody to B.s, Bo», and gamma globulin, the 
antibody to gamma globulin was absorbed from the goat antiserum by 3 preparations: 


*Although the end point is described as the equivalence point, it is actually on the anti- 
body excess side of the equivalence point. The faint precipitin line taken as defining the 
end point may be deceptive in indicating the amount of antibody present. The amount 
may be relatively large, since the antiserum is always considerably diluted, not only b 
the addition of serum and saline (dilution of 11.5), but also by its diffusion throug 
agar to reach the point of precipitation. In the method the extent of both these dilu- 
tions is maintained relatively constant. 
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commercially prepared Fraction II,* slow gamma globulin, and cord serum. The slow gamma 
was prepared by continuous flow curtain electrophoresis of the Fraction II. Only tubes at 
the cathodic end of the gamma band were taken, representing about one fourth to one third 
of the electrophoretic protein distribution. The solutions were dialyzed against distilled 
water and concentrated by pervaporation. The concentration of gamma globulin after 
dialysis was determined by absorption at 280 yw. One milligram amounts of Fraction II 
and of slow gamma were added per milliliter of antiserum. Cord serum was from a normal 
full term infant and was added in the amount of 0.1 ml. per milliliter of antiserum. After 
the additions, the mixtures were incubated at 37° C. for 30 minutes and at 4° C. for 48 hours. 


Results 


Reproducibility. An estimate of the reproducibility of the method can be 
obtained from the results with the supernatants of mixtures of antiserum and 
standard pooled serum which were repeatedly run with each batch of unknowns. 
The reproducibility for B24 was striking in that, in 43 of 44 runs performed over 
a 45 day period, the line for B24 was only faintly visible with additions equiva- 
lent to 0.05 ml. of normal pooled serum to one ml. of standard antiserum and was 
absent with additions of 0.06 ml. On one occasion a line was faintly visible 
after the 0.06 ml. addition. The concentration of 82, in the pooled serum was, 
therefore, 20 units per milliliter. The 82. quantitation was not so reproducible, 
Of 37 runs the end point was at 0.07 ml. in 3, 0.08 ml. in 22, and 0.09 ml. in 12. 
The concentration of B.» thus could be said to lie between 14.3 and 11.1 units 
per milliliter; the average value was calculated as 12.1 units per milliliter. 

The failure to obtain reproducible results with the Bs quantitation was 
probably the result of failure initially to employ optimum lighting in reading 
the slides. Subsequent studies, reading by a binocular loupe and employing 
bright illumination from a gooseneck lamp, exclusively, have shown the Boy 
end point to be as reproducible as that for Boa. 

Further attesting to the accuracy of the estimation of residual antibody 
were the results of assay of several identical series of mixtures prepared inde- 
pendently by different individuals. The supernatants were of sufficient volume 
that they could be tested for residual antibody on several occasions. The end 
points in a series of mixtures made by one individual were found to be highly 
reproducible from one electrophoretic run to another, but among the series 
made by the different individuals the end points varied significantly. The 
results indicate that there are few variables in the detection of residual antibody 
by the immunoelectrophoretie technique and that a limiting factor in accuracy 
ean be the preparation of the serum-antiserum mixtures. 

Effect of varying concentration of reactants on end point. In reactions in 
agar, as in aqueous media, the amount of precipitate formed is dependent on 
the relative concentrations of antigen and antibody. In the quantitation pro- 
cedure described, the concentration of antibody diminishes steadily as the end 
point is approached, whereas the concentration of antigen remains constant 
at the level present in the normal pooled serum. It is easily possible that, at 
the low antibody concentration present at the end point, an excess of antigen 
would cause the precipitate to dissolve and perhaps constitute a variable in 
the method. 


*Pentex, Inc., Kankakee, IIl. 
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Experiments designed to investigate the effects of various concentrations 
of antigen on the end point indicate that relatively low concentrations enhance 
the visibility of the precipitin line. Thus when serum specimens with concen- 
trations of B24 varying from 5 to 100 units per milliliter, electrophoresed in 
agar, were reacted with supernatants of very low antibody concentration, the 
Bo, line was not seen in sera with the highest concentration of this protein but 
beeame visible at lower concentrations and was most distinct when the concen- 
tration was 5 units. 


Similar studies with sera with B.. concentrations encompassing a wide 
range did not show the same trend as was seen with B24. Results similar to those 
for Bs, were seen however, when serial dilutions of a single serum with a high 
Bow concentration were electrophoresed. With a supernatant of low antibody 
concentration, the Bo line was absent at Bo» concentrations of 33 and 22 units 
per milliliter, beeame. visible and sharper at concentrations of 17 and 10 units, 
and disappeared again at 5 units. 


These results indicate that minor variations in the concentration of the 
protein in the electrophoresed serum will have little effect on the end point, 
but that large variations will affect it. The concentration of 20 units per 
milliliter for Bo, and of 12.1 units for B2y in the pooled serum used may be 
slightly high for maximum definition of the end point. It is possible that, 
for Bo, at least, slightly greater precision and sensitivity might be obtained 
by reacting the supernatants against pooled adult serum diluted with an equal 
volume of saline. The lack of effect of minor variations in protein concentration 
on the end point also suggests that electrophoresis of an exact amount of pooled 
serum (in this study, 0.005 ml.) is not necessary. When the slides are ecare- 
fully made, the antigen well probably has a volume which is sufficiently constant 
and reproducible to result in a reproducible end point. 


Cross reactions involving Bos, Bou, and gamma globulin and their effect on 
quantitation. Cross reactions of such a nature that antibody reacts both with 
Boa or Bow on the one hand and with gamma globulin on the other would result, 
if extensive, in an error of major magnitude in the present method. Such a 
eross reaction between antibody to gamma globulin and B.\ has been described 
by Franklin and Kunkel,’ and Heremans and associates* have suggested that 
antigamma may also cross react with B2,. The effect of such cross. reactions 
on the quantitation would be to reduce the volume of serum required for the 
end point, thus giving a falsely high concentration of the protein in terms of 
units per milliliter. The amount of the error would be related to the concen- 
tration of antibody to gamma globulin in the supernatant, a factor in turn 
dependent on the antigamma titer of the antiserum and on the amount of gamma 
globulin in the serum being tested. 


It should be noted that the cross reaction would be operative only at the 
stage where serum is added to antiserum; cross reactions would not occur in the 
agar, since antibody-to-gamma precipitates before it can reach the Bo, or Boy 
of the electrophoresed serum. 
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To determine the presence of such cross reactions and the magnitude of 
the error which might result, serum was added in increasing amounts to a 
series of tubes containing constant quantities of antiserum from which the 
antibody to gamma globulin had been absorbed. The end point was compared 
with that for similarly treated, unabsorbed antiserum to which a volume of 
saline had been added equal to that of the absorbing solution. In all cases, 
antibody to gamma globulin was present in abundance in the end point superna- 
tants from unabsorbed antisera. 

In comparing the end points with the absorbed and unabsorbed antisera 
it should be noted that two factors could be responsible if the volume of serum 
at the end point is greater in the unabsorbed than in the absorbed serum. 
Cross reactions could be oceurring, with antibody-to-gamma globulin reacting 
with common reactive sites on Bo, or Boy, in which case more Bo, or Boy would 
need to be added to the unabsorbed serum before antibody specific for these 
proteins would be depleted. Alternatively, by contamination of the absorbing 
material with Bo, or Boy, the titer of antibody for these proteins in the absorbed 
antisera could be reduced, again allowing more of the proteins to be added to 
the unabsorbed sera before the end point is reached. The contrary result, a 
lower volume of serum required for the end point with the unabsorbed antisera, 
could only be the result of a technical error. Equality of end points would 
of course mean absence of cross reactions and absence of contamination of the 
absorbing material. 

The results with absorbed and unabsorbed antisera in the case of Bo, are 
shown in Fig. 3. The first two boxes represent the results after absorbing the 
antiserum with commercially available Fraction II and show a considerable 
difference in end point in a direction compatible with marked contamination 
of the Fraction II with B24. Testing of the Fraction II for B2, indicated that, 
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+=antibody specific for Bo, present in supernatant 
Fig. 3. Effect of absorption of antibody to gamma globulin on end point for B.,. The 
end points of antisera from which gamma has been absorbed by addition of Fraction II, 
slow gamma from Fraction II, and cord serum (experimental) are compared with end points 
of the same antisera not absorbed (control). 





Table II. Serum concentrations of B24 and 8. in normal children and adults 





























B:4 concentration Bey concentration 
Per cent of Per cent of 
460 Units average adult Units average adult 

Subject |Years|Months| Sex per ml. value* per ml, value* 
Children. 
M. R. 8 M 8 40 15 125 
G. B. 8 M 4.5 22 5.5 46 
Cc. B. 10 F 11 55 11 92 
M. U 10 F 8 40 8 67 
a & 1 F 11 55 15.5 129 
Cc. 8. 1 F 4 20 6 50 
A. M. 1 M 8 40 18.5 154 
C8 1 2 F 6 30 13.5 112 
Is 1 9 F 6.5 32 18.5 154 
J. P. 1 4 M 4.5 22 5.5 46 
D. D. 1 6 F 7.5 37 13.5 112 
M. M. 1 6 F 4.5 4 5.5 46 
R. H. 1 7 F 8 40 7 58 
L. R. 2 M 10 50 10 83 
L. O. 2 8 F 5 25 12.5 104 
a 2 11 F 8 40 15.5 129 
 G. 3 M 8 40 5 42 
A. M. 4 F 10 50 8 67 
a. ¥. 5 6 M 11 55 9 75 
Cc. L. 9 F 1 55 11 92 
Averages 7.7 38.5 10.7 89.1 
Adults. 
C. W. M 29 145 11 92 
W. B. M 18.5 92 6.5 54 
W. 8. M 18 90 9 75 
¥. ma M 25 125 5 42 
R. Z. M 25 125 16.5 137 
G. C. M 14.5 72 16.5 137 
A. M. M 29 145 8 67 
m. Se M 16.5 82 20 167 
J. H M 16.5 82 8 67 
R. H. M 29 145 8 67 
BM. Oi, Fr 13.5 67 13.5 112 
eS F 25 125 12.5 104 
R. M. F 13.5 67 14.5 121 
M. L. F 12.5 62 11 92 
J. B. iy 14.5 72 9 75 
| eS y 22.5 112 14.5 121 
W. G. F 20 100 15.5 129 
m. FP. F 20 100 13.5 112 
Cc. G. F 16.5 82 17.5 146 
V. F. F 12.5 62 12 100 
Averages 19.6 100 12.1 100 
Values for standard pooled 

serum (10 adults) t 20 12.1 





*Values calculated on basis of mean adult concentration equal to 100. For calculation, 
mean concentration of f2a taken as 20 and of Bam, 12 units per milliliter. 


tAverages of 44 determinations of B2a and 38 determinations of Bam on a single pooled se- 
rum (see text). 
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indeed, 0.15 to 0.3 units of B24 was present per milligram of material, enough 
to precipitate all the antibody for this protein in 0.25 to 0.5 ml. of the antiserum 
used in these experiments. The use for absorption of only the slow gamma 
portion of this fraction, obtained by curtain electrophoresis, almost eliminated 
the discrepancy in end points, as can be seen in the second pair of boxes in 
Fig. 3. It is probable that the small discrepancy remaining is again the result 
of slight contamination with 2a, since absorption of antiserum with cord serum, 
as shown in the last pair of boxes, gave complete agreement in end point in 
absorbed and unabsorbed antisera. One can conclude that there is little, if 
any, precipitation of Bo, by antibody to gamma globulin and that B2, is absent 
from the cord serum employed. 
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+=antibody specific for B85, present in supernatant 
Fig. 4. Effect of absorption of antibody to gamma globulin on end point for B.. 


The results with B24 were more consistent (Fig. 4). With all three methods 
of absorbing gamma globulin the unabsorbed antiserum required, on the 
average, slightly more serum for the end point than the absorbed. In a total of 
ten trials, end points were the same in only three. Combining all the trials, 
an average of 8 per cent more serum was needed to reach the end point with 
unabsorbed antiserum. It cannot be stated categorically that this discrepancy 
is the result of a cross reaction, since it could equally well be explained by 
contamination of all the absorbing materials with By to a similar extent. Cord 
serum is known to contain small amounts of B.».5 Whether contamination or 
a cross reaction is responsible, the difference in end points is of such small 
magnitude that it falls within the inherent error of the method. With the 
antisera employed in the present study the error from cross reaction would 
not occur except in titering sera with very low gamma or high £2. concentra- 
tion, since, normally, antibody to. gamma globulin was absent at the end point. 

Serum concentrations of Bes and Bey in normal subjects. Values for Boa 
and B2» in the serum of 20 children and 20 adults are given in Table II. 
Considerable range of variation is apparent for both proteins. For Boa, in 
adults, the variation from the mean amounted to + 40 per cent. Although the 
levels in the men tended to be higher than in the women, averaging 22.1 
versus 17.0, the difference was not of a high level of significance statistically 
(p = .05). Of interest was the fact that children had an average level of Boa 
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amounting to only 38 per cent of the average adult value. Again, among the 
children, there was wide variation in level, but none of the values were as high 
as the lowest adult values. In this series, there was no clear indication of in- 
creasing values with increasing age; the average level of the 10 children of 
ages 6 months to 114 years was 7.1, and of the 10 aged from 11% to 9 years, 8.3, a 
difference which was not significant statistically (p = .3). 

The values for 8. also varied widely. Deviations amounting to + 60 per 
cent of the mean value were relatively frequent. Again there was a slight dif- 
ference in average values for males and females, 10.8 and 13.3, respectively, 
but this was not significant (p = > .1). In econtradistinction to Bea, levels of 
Boy were not significantly lower in the children than in the adults. Again there 
was no evidence of the level increasing with age. 


Discussion 


Because of their implied or apparent relation to the immune system of the 
body, the proteins designated B., and B.2y together with gamma globulin, have 
been termed the immunoglobulins. Evidence for their association with the 
immune system comes from several observations. All three proteins are greatly 
reduced in amount or absent from the serum of agammaglobulinemics.” Bea 
and Bs are in low concentration or absent in the newborn period and in certain 
patients predisposed to infection.s~° One of the latter patients was unusually 
tolerant to a homotransplant of skin.® In addition, as is well known, several 
antibodies are known to be macroglobulins and to reside in the fraction known 
by immunoelectrophoretie analysis as Boy. 

Methods for the quantitative determination of these globulins, described 
elsewhere,® are cumbersome and unsatisfactory. B2 has been quantitated by 
the use of the ultracentrifuge and found in normal serum to constitute less than 
2 per cent of the total protein.*' Quantitation of B24 has not been possible. It 
would appear that the method herein described, although not yielding absolute 
values, might give information of interest when applied to the study of patients 
with immunologic defects. 

Several theoretical and practical disadvantages of the method are apparent. 
In the eategory of a theoretical disadvantage is the error which may result 
from reactions of a given antibody with groupings on the 7 S gamma globulin 
which are also present on either Bo, or Boy. Evidence for such a cross reaction 
involving B., is only suggestive* and could not be demonstrated in the present 
study. It is not considered necessary in the present paper to review the 
rather large volume of literature bearing on the question of the cross reaction 
between Boy and antibody to gamma globulin. In brief, the evidence for such 
a eross reaction derives from two sources. One is the demonstration by the 
agar double diffusion technique that pathologie macroglobulins of the 19 S 
type have antigenic groupings in common with groupings on both 7 S gamma 
globulin and on the normal 19 S macroglobulin (82.\).'*** Although these 
interrelationships suggest that antibody made to gamma globulin would react 
also with 19 S macroglobulin, technical difficulties prevented demonstration of 
this by the agar gel technique.* The second line of evidence arises from the 











Volume 58 


Lae soy Microtmmunoelectrophoretic analysis of Bo, and Bey 147 


results of studies by Franklin and Kunkel* using the quantitative precipitin 
technique. These studies indicated that the 82. and gamma globulins partially 
cross react and are antigenically related. The present studies can be similarly 
interpreted, but, within the rough quantitation permitted by them, the extent 
of the cross reaction would appear to be considerably less than indicated by 
the precipitin curves of Franklin and Kunkel. This discrepancy in degree 
may reflect a difference in the groupings against which goat antibody is directed 
as compared to the sites reactive to the rabbit antibody used by them. 

A practical disadvantage is that, in the absence of a pure preparation of the 
protein, the method can be standardized only in terms of a standard antiserum. 
The best means at present to prepare a standard antiserum would appear to 
be by the use of a pooled serum consisting of equal amounts of serum from 10 
to 20 healthy adult individuals equally divided as to sex. Assuming this serum 
pool to have a Bo, or B2» concentration (S) equal to the average for adults 
found in the present paper, the end point volumes for the serum pool (V) 


‘ , i A ' 
ean be substituted in the equation S = Vv and a value for the titer of the 


antiserum (A) determined. This value is the units of protein precipitated by 
the antibody contained in 1 ml. of the antiserum and would henceforth be used 
for caleulation of concentration in the unknowns. 


The levels of 82, and B.y in normal individuals are of interest in several 
respects. As indicated by the study of Hitzig,® precipitin lines representing 
Bo, and Boy are absent in the sera of infants up to the age of 2 to 3 months, 
and in some infants the lines cannot be seen at the age of 1 year. From the 
present study it would appear that all during childhood the level of Bz, is 
relatively low. It will be of interest to see whether a marked increase to adult 
values oceurs at adolescence. With our antisera, standard miecroimmunoelectro- 
phoresis will not reveal the B., line if the level is 6 units per milliliter or 
lower. From Table II it is apparent that a number of normal children under 
the age of 3 would, therefore, have no visible 2, line, yet, presumably, have 
normal levels of this protein. The values give meaning to the general observa- 
tion that the B2, line in the serum of children is usually fainter than in the 
sera of adults. In contrast to Bos the levels of B.y although also very low in 
infaney, as noted by Hitzig,*® very quickly reach levels close to those of the adult. 
The rate of production of this protein in the infant and child would appear 
to parallel that of gamma globulin. 
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An ion exchange method for plasma 


ammonia concentration 


STANLEY G. DIENST, M.D.* Portland, Maine 


A full description of an accurate method for determining plasma ammonium concentration 
is gwen. The ammonium in 3.0 ml. of plasma is adsorbed on 2.7 Gm. of cation exchange 
resin, The resins are washed and the ammonium eluted directly into Nessler’s solution 
with sodiwm hydroxide. Spectrophotometer readings of the solution are converted to 
ammonium concentration by reference to a standard curve. The reproducibility of the 
method is given. Possible sources of error are discussed. 


The method is used to demonstrate the changing rate of alkaline hydrolysis of blood 
plasma to ammonia. These data are used to explain the low normal values obtained by 
this method in comparison to those obtained by diffusion techniques. 


ha unsatisfactory correlation of blood ammonium concentrations with 
clinical symptoms in liver disease may be due in part to inadequacies in the 
analytical procedures.** The methods of Conway,® Seligson,® and subsequent 
modifications” § involve alkalization of the blood or plasma to convert ammonium 
into the diffusible gas ammonia. The danger of falsely high values for ammonia 
due to alkaline hydrolysis of amide groups in proteins and amino acids is well 
recognized,’ and data are presented here which demonstrate this error. An ion 
exchange method is deseribed in which the blood or plasma is not subjected to 
such ammonia forming pH changes. 


Materials 


The following is a list of the materials necessary for this ion exchange method. 
1. Strongly acidic cation exchange resin (Dowex 50W- x 16).t 
2. Mixed bed resin (Amberlite MB3).+ 
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. Nessler’s stock solution® (diluted 1:10). 


. Sodium hydroxide 0.1 N. 


a or & 


. Resin processed wash water (distilled water passed through mixed bed resin column). 
. KNaHPO,/KH,PO, buffer (pH 7.40) (0.2 Molar —- PO,) prepared with resin processed 
wash water. 


7. Ammonium standard solution containing 0.1 Gm. of ammonium 


nitrogen (as 
NH,Cl) per liter (resin processed wash water). 


8. Four to 5 Gm. of ghatti gum crystals in gauze which have been left in 75 ml. of 


distilled water overnight to form a solution. A few thymol crystals are added to inhibit 
bacterial growth. 


9. A Coleman Model 14 spectrophotometer. Two pairs of Coleman cuvettes (14 by 105 


mm. round, Order No. 14-303) and holder (Order No. 14-100). 
10. pH meter (for titrating buffer). 


== 
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Fig. 1. Diagrammatic representation of apparatus employed in the method. 
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Apparatus in- 
cludes: A, reservoir; B, glass ammonium adsorption column; C, 100 ml. graduate; D, a one 


liter intravenous feeding bottle; HZ, mixed bed resin column; F, 500 ml. intravenous feeding 
bottle; G, screw clamp; H, tapered glass tube; and J, graduated test tube. 


The apparatus necessary for this procedure are listed as follows: 
A. Five 100 ml. glass reservoirs with stopcocks. 
B. A dozen glass ammonium adsorption columns. 


The glass portion of discarded Veno- 
pak* sets may be used. They are premarked at % inch from the top to contain approxi 
mately 2.7 Gm. of wet cation exchange resin. Fresh resins are used for each determination. 
A fine wisp of glass wool is placed inside against the beveled end to retain the resins. 


C. Six 100 ml. graduated cylinders. 


D. A one liter intravenous feeding bottle and tubing. 
E. Mixed bed resin column. It is convenient to use separate mixed bed columns for 
supplying wash water during the procedure and for making up the buffer. Cylindrical glass 


separatory funnels (100 ml.) fitted with plastic screen or glass wool to retain resins are used. 


F. Five hundred milliliter intravenous feeding bottle for 0.1 N NaOH. The small piece 
of alloy metal in the outflow side of the screw-cap should be removed. 


G. Screw clamp or stopeock to regulate flow of NaOH. 


*Abbott Laboratories, Needham Heights, Mass. 
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H. Small glass tube finely tapered on one end. 
I. Two dozen 25 ml. graduated test tubes. 


Methods 


Preparation. Calibrated test tubes are washed in detergent solution, rinsed, soaked in 
0.1 N NaOH, and removed to racks for drying before use. Ammonium adsorption columns 
(B) with glass wool in place are filled to the mark with fresh resins by means of a small 
funnel and wash bottle. Glass reservoirs (A) are rinsed twice with 20 to 30 ml. of buffer 
and finally filled with 100 ml. of buffer. 

Equilibrating resins. Thirty milliliters of 0.1 N NaOH are dripped from one reservoir 
(A) through each ammonium adsorption column (B) (10 minutes). Then 100 ml. of pH 
7.40 buffer is dripped from another reservoir (4) through each column (20 to 25 minutes). 
Several columns may be equilibrated simultaneously. 

Obtaining blood samples and preparation of plasma. Blood samples are drawn without 
stasis in heparinized syringes (heparin filling the dead space). We, as others,t have found 
that some brands of heparin contain significant concentrations of ammonium. We currently 
use heparin from The Vitarine Company, New York, N. Y. The blood is brought directly 
to the laboratory and centrifuged in test tubes. Samples of whole blood may be left at least 
an hour without change in the ammonia concentration. 

Washing columns and adsorption of ammonium from plasma. An equilibrated am- 
monium adsorption column (B) is placed under the mixed bed resin column (EZ) and 10 ml. 
of resin processed wash water run through the column in one to 2 minutes. Three milliliters 
of plasma are now pipetted slowly (1144 minutes) into the top of a washed adsorption 
column directly onto the resin. Next, 40 ml. of resin processed wash water are passed 
through the column. This column is now ready for eluting but is stable for at least 12 
hours, or until resins begin to dry. Columns are collected and eluted at the end of the day. 

Preparation of standard curve. One, 2, and 3 ml. of the ammonium standard solution 
are added to 100 ml. volumetric flasks. These are filled to volume with resin processed wash 
water, thus they contain 1, 2, and 3 wg per milliliter of ammonium nitrogen, respectively 
(or 71, 142, and 223 pwEq per liter). 

For a blank, an ammonium adsorption column is washed with 50 ml. of resin processed 
wash water. For a standard, a 3.0 ml. pipette is rinsed with the standard and then used 
to pipette 3.0 ml. of standard slowly (144 minutes) into an equilibrated and washed ad- 
sorption column. This is followed by 40 ml. of wash water. 

Eluting samples and reading. The sensitivity of response of the colorimeter should be 
adjusted each day using a standard wavelength filter. Two cuvettes are filled with water 
and read against each other. Any difference should be noted and later added or subtracted 
from the final reading. One cuvette remains filled with water and is used as a reference. 
All samples are read in the other cuvette at 405 mp. The sample cuvette is rinsed thoroughly 
with wash water between samples. ; 

The ammonium is eluted from the ammonium adsorption column (B) by dripping 0.1 
N NaOH (F) from the tapered glass tube (H) through the adsorption column into a gradu- 
ated test tube (IZ) containing one drop of ghatti gum solution. This is run at 70 to 90 
drops per minute until the tube is filled to the 9.0 ml. mark. One milliliter of Nessler’s 
reagent is added immediately and the sample mixed by gentle swirling. The solution is 
transferred to the sample cuvette and read against the reference at 5 minutes. The reference 
cuvette must read exactly zero before and after the sample. 

A standard curve is drawn by plotting optical density readings of the samples against 
ug per milliliter of the standard solution. Plasma samples are read from this curve. 


Results 


The standard curve of ammonium recovery from cation resin is shown in 
Fig. 2 and compared to the addition of Nessler’s reagent to ammonium standards 
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STANDARD CURVES 


Optical Density 


—-O Ammonium standards 
plus Nessler's 


—@ Ammonium standords 
recovered from resin 
columns 








10 20 3.0 40 
Ammonium concentration in mcg/ml 


Fig. 2. All points are obtained by plotting optical density readings of ammonia—Nessler’s 
solutions against ammonium concentrations. Each point is fixed by 10 consecutive plots. 
One standard deviation from the mean on each side of the line is indicated. This line is 
used to read plasma samples. 


directly. The width of one standard deviation on each side of the line is shown. 
This standard deviation expressed as ammonium nitrogen is 0.09 to 0.12 wg per 
milliliter for the blank and the one, 2, and 3 yg per milliliter standards. This 
deviation increases to 0.3 pg per milliliter with the 4.0 yg per milliliter standard. 

Ammonium concentration in plasma is stable for over an hour at room 
temperature. Fresh human plasma measured 0.48, 0.42, and 0.50 wg per milli- 
liter at 20 minutes and one and 2 hours, respectively. Duplicate plasma samples 
agree closely. Seven determinations on the same plasma had a standard devia- 
tion of 0.03 yg per milliliter. 

The possible loss of ammonia from plasma in a test tube during centrifuga- 
tion was evaluated as follows: three samples at different concentrations were 
each divided into 2 portions. One portion was left in the syringe and centri- 
fuged. This plasma was transferred air-free from the syringe to a pipette and 
processed for ammonia. The second portion was centrifuged in a test tube 
exposed to air. Duplicate determinations of these portions showed no difference 
in ammonia concentrations whether handled in syringes or in air. This evi- 
dence, together with the observation that plasma ammonium concentration is 
constant in test tubes for an hour after centrifuging, have led us to handle blood 
samples in test tubes. 

Ammonium standards added to plasma give the same slope as the standard 
eurve. The addition of sodium, potassium, and chloride to standards in con- 
centration equal to plasma does not change the slope of the standard curve. 

Venous blood for 18 normal individuals varied from 0.0 to 0.42 yg per 
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milliliter of ammonium nitrogen with an average of 0.25 pg per milliliter. In 
practice the values are only read to the nearest one tenth microgram. 

Because of the discrepancy between normal values for diffusion teehniques** 
and the ion exchange method, a study of the rate of ammonia formation from 
alkalinized plasma was carried out as follows: three milliliter samples of dog 
plasma were alkalinized air-free in syringes (pH 11.7) with 1.0 ml. of 0.22 
N KOH. Consecutive samples were allowed to stand for increasing intervals 
of time before neutralizing with 1.0 ml. of 0.2 N H.SO,. Controls were run by 
the addition of 2.0 ml. of the combined acid and base. Three milliliters of the 
final mixture were run through resin columns and the ammonia determined. 
The results are shown in Fig. 3. 

In some diffusion methods‘ the rate of ammonia formation from alkalinized 
plasma is assumed to be constant. Fig. 3 indieates an accelerated production 
of ammonia during the first 5 minutes. A method extrapolating back to zero 
time using only the rate of increase of ammonia concentration after 5 minutes 
would find a value of 2.05 pg per milliliter. Extrapolating back to zero time 
on the control line gives a value of 1.65 pg per milliliter. This is 0.4 pg per 
milliliter lower. This value corresponds to the difference of normal values be-. 
tween these diffusion methods and ion exchange. 

The problem of possible protein contamination and hydrolysis is present in 
the ion exchange method. At pH 7.40 a minute amount of relatively electro- 
positive protein is adsorbed from the plasma and later eluted. This can be 


demonstrated by passing the eluent directly into concentrated trichloracetic 
acid and observing a faint precipitate. 


The possible contribution of ammonia from this protein has been evaluated 
in the following way: free ammonia standard reacting with Nessler’s reagent 
produces most of its color in 3 to 4 minutes. A subsequent slow maturation 
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Fig. 3. The concentrations of ammonium achieved by alkalinization of plasma for increasing 
intervals of time is shown by the top line. The dotted line extended back to the origin in- 
dicates the concentrations of ammonia estimated to be present at time zero. The bottom 
line represents control values. The first plots are at 2 minutes. 
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produces additional color intensity, e.g., 0.007 u. of optical density in 25 min- 
utes. The contribution of free ammonia from the alkaline hydrolysis of protein 
proceeds at a relatively slow rate,° only a small portion occurring in 3 minutes. 
Nesslerized eluent from the resin column after plasma increased 0.011 u. of 
optical density during the same period. Therefore, 0.007 u. of optical density 
may be attributed to maturation of the original ammonia—Nessler’s complex 
and only 0.004 u. of optical density to further ammonia produced from the 
alkaline hydrolysis of protein and amino acids over 25 minutes. Since the 
samples are actually read at 5 minutes, this source of error is negligible. 


Discussion 


At pH 7.40 and room temperature, over 98 per cent of ammonia in solution 
exists as ammonium ion. In this method the ammonium is exchanged for excess 
potassium and sodium ions on cation exchange resins. At an elected time the 
ammonium is eluted from the resins, reacted with Nessler’s solution, and its 
concentration measured colorimetrically. 

Some ammonia is lost as shown by comparing the curve of directly Ness- 
lerized standards with the curve of ammonia recovery from resins (Fig. 2). 
The distance between the 2 lines represents a portion of ammonium present on 
the resins but lost during elution. This portion diffuses as ammonia from the 
surface of alkaline drops below the column. The size of the drops and the time 
of exposure are constant enough to give a constant loss and a reproducible line. 
Using this line for interpretation, determinations of ammonia concentration are 
accurate to within plus or minus 0.1 pg per milliliter of ammonium nitrogen. 

The chromatogram for the Nessler’s-ammonia complex shows minimum 
transmittance at 378 mp. It was elected to read above 400 my to avoid dis- 
tortion from the glass cuvettes. Also, the resultant lower readings on the optical 
density scale are more widely spaced and easier to read. It is to be noted that 
inaccuracy in this wavelength setting will change the curve appreciably. <A 
blank made of 0.1 N NaOH plus Nessler’s reagent and ghatti gum begins to 
cloud after 20 minutes. Therefore, all standards and samples are read against 
water. 

In the physiologic range this method is accurate and reproducible. In con- 
trast to diffusion methods, ion exchange determinations can be accumulated 
after ammonium adsorption, and the rest of the procedure carried out on mul- 
tiple samples at a convenient time. There is no rotator or mechanical equipment 
involved. There is no bedside procedure other than the drawing of the blood 
sample. 

One other method’ is based on the ammonia recovered from a protein-free 
filtrate. Although we have not set up this method for comparison, we feel that 
values may be falsely high because of the alkaline hydrolysis of unprecipitated 
amino acids during diffusion. 

Acknowledgement is made of the kind advice and encouragement of Drs. J. William 


Poppell and Parker Vanamee, the excellent technical help of Mrs. Frankie Washington, 
Joyce O’Flaherty, and Lagrimas Martin, and the secretarial assistance of Helen Copeley. 
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A multihole needle for the aspiration of large 





quantities of bone marrow 
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A multihole 13 gauge needle is described which has been found to be useful in obtaining 


large quantities of marrow from the posterior iliwm of patients whose marrow yield is 





low when obtained with conventional needles. 






ot area in adult human subjects which yields the largest quantity of 
bone marrow is the posterior ilium. In most eases an ordinary 13 gauge needle 
and stylet suffice for removal of marrow from this area. However, not infre- 
quently one finds the marrow yield in this region poor. This communication 
deseribes a needle with 16 holes in addition to the opening at the end of the 
barrel which is useful in obtaining more adequate quantities of marrow in such 
a situation. 



















Materials and methods 

Description of the multihole needle. The instrument is a modified 13 gauge 3144 inch 
trocar and cannula* (Fig. 1). The following modifications were made in the Machine Shop 
of the Sloan-Kettering Institute using standard catalog items. A needle point is fashioned 
as illustrated in Fig. 1. A row of 4 through-and-through perforations is made in the barrel 
of the needle, yielding 8 holes; each hole is 5% 999 of an inch (1.3 mm.). The holes are 





5 mm. apart. The first hole is made 5 mm. from the heel of the beveled point. The second 
2 rows of holes are drilled at right angles to the first and midway (2.5 mm.) between the 
first 2 rows of holes. The first 2 holes of the second set are made 2.5 mm. distal to those 
in the first 2 rows and are close to the proximal end of the beveled point. Thus, 16 holes 
in all are drilled. 

The stylet is modified by placing on the shaft the head of the stylet used in the Bierman 
needle.ti This is comfortable for forceful thrusting, and the wheel-like shape provides 
leverage for turning. Since forceful pushing and turning are necessary to set the needle in 
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its proper location, the stylet set pin, which is extruded metal, is replaced with 2 metal pins 
firmly fixed to the shaft of the stylet. Suitable notches are cut in the hub of the needle to 


receive these. The 2 metal pins are strong enough to transmit the pressure of turning from 
the stylet to the barrel of the needle. It has not been our practice to siliconize needles. 

















: 


Fig. 1. The modified 314 inch needle. Eight of the 16 barrel perforations are visible. Note 
the 2 set pins in the Bierman-type head on the stylet. A 21 gauge 114% inch needle is shown 
for comparison. 


Clinical use. The technique of locating and aspirating from the region of the pos- 
terior iliac crest has been described and illustrated.1,2 We prefer that the patient lie prone 
while this area is aspirated. When the area is outlined, we customarily probe the site with 
a 21 gauge 1% inch needle (Fig. 1). This gives us an idea of the depth at which bone 
will be struck and allows proper angulation of the needle. The needle and stylet are then 
inserted until the point is on the cortex of the bone. Since the distance from the point of 
the needle to the most proximal hole is about 8 em., a silk tie on the barrel 3 em. above the 
skin is a useful guide. We are not zealous about pushing the needle the full 3 em. If 
marked resistance is encountered, we assume we have reached the cortex on the far side of 
the bone and push no further. Usually, the needle may be pushed a few more millimeters 
beyond the 3 em. level and rotated to provide fresh aspiration sites. As an alternative to 
inserting the needle at right angles to the plane of the ilium, it may be inserted perpen- 
dicularly into the iliae crest parallel to any segment that has a straight plane for 3 em. 

Once the needle is in place the stylet is removed. Blood, rich with marrow particles 
and glistening with light reflected from the fat droplets, immediately wells up in the barrel 
and hub of the needle. A 30 or 50 ml. siliconized syringe is attached containing 2 ml. of 














Table I. Comparative cell counts of marrow aspirates taken from various sites 
| Nucleated 
Patient | Site* aspirated V olume | cell count | Needle 
1. J.&. Sternum No. 1 5 ml. 27,000 Rosenthal 16 gauge 
(Normal Sternum No. 2 5 ml. 42,100 Rosenthal 16 gauge 
donor ) Anterior ilium No. 1 10 ml. 36,050 Rosenthal 16 gauge 
W.B.C. 5,000+ Anterior ilium No. 2 10 ml. 19,500 Rosenthal 16 gauge 
Anterior ilium No. 3 10 ml. 21,950 Rosenthal 16 gauge 
Anterior ilium No. 4 10 ml. 5,700 Rosenthal 16 gauge 
Posterior ilium No. la 25 to 35 ml. 26,400 Multihole 13 gauge 
Posterior ilium No. 1b 25 to 35 ml. 15,500 Multihole 13 gauge 
Posterior ilium No. le 25 to 35 ml. 17,400 Multihole 13 gauge 
Posterior ilium No. 1d 25 to 35 ml. 15,800 Multihole 13 gauge 
Posterior ilium No, 2a 25 to 35 ml. 17,500 Multihole 13 gauge 
Posterior ilium No. 2b 25 to 35 ml. 15,950 Multihole 13 gauge 
Posterior ilium No. 2e¢ 25 to 35 ml. 13,650 Multihole 13 gauge 
Posterior ilium No. 3a 25 to 35 ml. 21,950 Multihole 13 gauge 
Total volume 605 ml. 
Nucleated cell count 16,300 
Total nucleated cell count 9.9 x 109 
Admixture of peripheral leukocytes 2.8 x 109 
Adjusted marrow yield 7.1 x 109 
, i oe Sternum No. 1 5 ml. 56,000 Rosenthal 16 gauge 
(Hodgkin’s Anterior ilium No. 1 15 ml. 87,150 Rosenthal 16 gauge 
disease ) Posterior ilium No. 1 30 ml. 105,650 Multihole 13 gauge 
W.B.C. 22,400 Posterior ilium No. 2 30 ml. 75,500 Multihole 13 gauge 
Total volume 340 ml. 
Nucleated cell count 62,360 
Total nucleated cell count 21.2 x 109 
Admixture of peripheral leukocytes 5.4 x 109 
Adjusted marrow yield 15.8 x 109 
3. C.B. Sternum No. 1 10 ml. 32,900 Rosenthal 16 gauge 
(Normal Sternum No. 2 10 mi. 32,650 Rosenthal 16 gauge 
donor) Right anterior ilium 15 ml. 12,350 13 gauge, no addi- 
W.B.C. 6,100 No. 1 tional perforations 
Right anterior ilium 15 ml. 22,400 13 gauge, no addi- 
No. 2 tional perforations 
Left anterior} ilium 15 ml. 15,600 Multihole 13 gauge 
No. 1 
Left anterior ilium 15 ml. 11,800 Multihole 13 gauge 
No. 2 
Right posterior ilium 3 ml. 18,900 13 gauge, no addi- 
No. 1 tional perforations 
Left posterior ilium 20 mi. 32,150 Multihole 13 gauge 








Total volume 410 ml. 


No. 1 






Nucleated cell count 14,250 

Total nucleated cell count 5.9 x 109 
Admixture of peripheral leukocytes 1.3 x 109 
Adjusted marrow yield 4.6 x 109 








*Letters after numbers refer to successive syringefuls from the same site. 
+Peripheral leukocyte count. 
tThe multihole needle was used on the anterior ilium by entering the ilium from above 


in the same plane as the bone. 
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heparin (crystalline heparin free of preservative, 30 mg. per cent in Gey’s solution). Fig. 2 
shows the multihole needle in place and bone marrow being aspirated. Aspiration need not 
be forceful and 30 ml. or more are obtained. 


— * 


vi lf 





Fig. 2. The multihole needle in use. Note the marrow spicules suspended in the syringe 
contents. 


Results 


Table I illustrates comparative cell counts of marrow taken from various 
locations during multiple bone marrow aspirations. Results obtained with 
-atients J. S. and A. P. illustrate that aspirates with cell counts which compare 
favorably with those obtained from other areas may be achieved in larger 
volume with the multihole needle. Several syringefuls may be obtained but the 
nucleated cell counts of each successive syringeful may fall. Results obtained 
with Patient C. B. illustrate the particular usefulness of this needle. Bone 
marrow was obtained from this donor with difficulty. Marrow was aspirated 
from the right side of the anterior and posterior ilium with an ordinary 13 
gauge needle, from the left side of the anterior and posterior ilium with the 
multihole needle. There was no advantage to the use of the multihole needle 
in the anterior ilium. In the right posterior ilium, repeated aspirations with 
the 13 gauge needle at various angles and depths yielded only 3 to 5 ml. of 
material. Using the multihole needle on the left, 4 syringefuls of 20 to 25 ml. 
each were obtained. 
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Kurnick* * has used a 13 gauge needle with 2 through-the-barrel perfora- 
tions at the distal end for bone marrow aspiration; he has, however, abandoned 
its use because he is of the opinion that the perforations may weaken the needle. 
The multihole needle with 16 perforations, used with hand pressure, has given 
us no difficulty caused by weakness. The needle is never placed or advanced 
without the stylet. Force is transmitted from the head to the shaft of the 
stylet, the perforated barrel acting as a sheath for the stylet. On the other 
hand, we have found the 16 gauge Bierman needle, which is so satisfactory for 
diagnostic bone marrow aspirations, to be too fragile for the vigorous manipula- 
tions of the aspiration of large quantities of bone marrow from the ilium. In con- 
clusion, it should be emphasized that one should not expect to obtain aspirates 
with higher cell counts with the use of this needle, but, in the patient from whom 
marrow is obtained with difficulty, the use of the multihole needle may be 
helpful. 
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An improved colorimetric enzymatic assay of ceruloplasmin 


HERBERT A. RAVIN, M.D. Boston, Mass. 


An improved colorimetric enzymatic assay of ceruloplasmin is described in detail. The 
conditions of the test provide an optimal combination of technical simplicity with pre- 
cision and reliability of results. The values obtained compare favorably with those ob- 


Possible application of ceruloplasmin determination as a 
clinical screening test is discussed. 


tained by independent methods. 


ee the blue, copper-containing alpha, globulin of human 
plasma and serum, elevates in association with chronie and acute infections, 
carcinoma, leukemia, and liver disease, and rises progressively in the course 
of normal pregnancy.' Elevated ceruloplasmin levels have been related to the 
presence of active major psychosis,? a finding partially confirmed in one sub- 
sequent study* but refuted by more recent investigations.* ° Low ceruloplasmin 
levels are encountered in newborn infants, in some instances of the nephrotic 
syndrome (if there is a significant loss_of ceruloplasmin in the urine), and in 
hepatolenticular degeneration (HID, Wilson’s disease). 

Clinical observations, however, have been generally restricted to laboratories 
especially equipped to conduct meticulous chemical, manometric, spectrophoto- 
metric, or immunochemical assays of this metalloprotein enzyme. A simple 
colorimetric assay for ceruloplasmin, based on the enzymatic oxidation of p- 
phenylenediamine (PPD) was reported in 1956 as an early practical diagnostic 
test for hepatolenticular degeneration, in which a profound deficieney of this 
metalloprotein is a highly specific, uniform, and probably basie feature.* The 
test devised at that time, however, was not sufficiently precise to permit appli- 
cation to serial observations of the less marked alterations in ceruloplasmin ae- 
tivity encountered in diseases other than HLD. Several colorimetric techniques, 
using PPD or N,N’-dimethyl-PPD, which have sinee been described,” * appear 
to be subject to significant sources of error.*.> An improved modification of 
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the first colorimetric ceruloplasmin method,® suitable for clinical application to 
problems other than HLD, is presented, therefore, with observations on the 
sensitivity, precision, and reproducibility of the procedure. 


Materials 


P-phenylenediamine-dihydrochloride (Eastman Kodak) is dissolved in a minimum 
volume of hot distilled water, decolorized with charcoal, filtered while hot, and recrystallized 
from the water-clear filtrate. The white crystals of purified PPD-2HCl are dried and stored 
in a vacuum over calcium chloride. The dried crystals may be kept in a sealed vial for 
several weeks without significant deterioration. A 0.5 solution of the purified substrate is 
prepared in distilled water just prior to use in the test. 

A 0.4 sodium acetate buffer, adjusted to pH 5.5, may be prepared in large volume and 
should be stored at 4° C. 


A 0.5 per cent solution of sodium azide in distilled water may be stored indefinitely at 
room temperature. 


Methods 


The test is performed on serum, preferably free of hemolysis or turbidity. Traces of 
hemolysis or turbidity are automatically compensated by the use of an enzyme-inhibited con- 
trol, but a fresh specimen should be drawn if the optical density of 1:100 dilution of the 
serum in 0.4 M acetate buffer exceeds 0.100. If necessary, the serum may be stored at 4° 
to 10° C. for several weeks, or frozen, without alteration of the ceruloplasmin activity. 

Siliconized glassware is employed throughout, except for collection of the blood sample, 
in order to provide more accurate transfer of small volumes of serum, and to reduce de- 
naturation of the diluted serum proteins on glass surfaces. Samples of serum (0.1 ml.) are 
transferred with an 0.1 ml. pipette, 1 ml. volumes of substrate or of sodium azide introduced 
with 10 ml. Mohr pipettes, and 8 ml. volumes of buffer added with a 25 ml. Mohr pipette 
(or burette) in order to facilitate rapid handling of a large number of specimens while 
minimizing pipette errors. 

Serum (0.1 ml.) is blown into the bottom of each of 3 siliconed 18 by 150 mm. test 
tubes. One milliliter of 0.5 per cent sodium azide is then added to one tube to provide an 
enzyme-inhibited control. Eight milliliters of buffer is added to all the tubes, followed by 
1 ml. of an 0.5 per cent solution of substrate. 

The substrate is added at the last step as rapidly as possible consistent with accurate 
pipetting. The test tubes are shaken to insure thorough mixing, placed in a test-tube rack, 
and immersed in a large, circulating constant temperature water bath at 37° C., to a depth 


Table I. Effect of serum albumin on ‘‘spontaneous’’ and enzymatic oxidation 
of PPD* 





Albumint Optical density 





(mg./10 ml.) | Ceruloplasmin No enzyme 





0 0.640 0.180 

2 0.588 

5 0.585 

10 0.558 0.108 450 
20 0.535 





*Traces of copper introduced into the reaction with reagents may be shown to be catalytic 
of PPD-oxidation. The added albumin reduces “spontaneous” oxidation by combining 
with, and thereby reducing the concentration of, free ionic copper. 

+Concentration of albumin in complete reaction mixture. 


tNote that the “net” oxidation, referable to enzyme, remains unchanged by addition of 
albumin. 
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corresponding to the height of the contents of the test tubes. After a 1 hour incubation period, 
the rack is removed and 1 ml. of 0.5 per cent sodium azide is added to each tube, excluding 
the control tube, in the same sequence as the addition of the substrate at the start of the 
test. The tubes are shaken once more to insure thorough mixing and are placed in a re- 
frigerator for 30 minutes at 4° to 10° C. 

The cooled reaction mixture is decanted into cuvettes of 10 mm. path, and optical 
density measured at 530 my. Under the conditions outlined above, virtually all normal and 
most abnormal sera will fall within the optimal working range of a spectrophotometer (O.D. 
0.200 to 0.700). Samples with unusually high readings may be diluted with the buffer, and 
the reading corrected accordingly, rather than repeating the test with a smaller amount of 
serum. 





PERCENT OF MAXIMAL ACTIVITY 











t t 7 


+ T 
5.0 5.2 5.4 5.6 5.8 

pH 
fig. 1. pH-dependence of ceruloplasmin-catalyzed oxidation of PPD-HCl. Enzymatic ac- 
tivity is significantly higher at pH 5.5, employed in the colorimetric method, than at pH 6.0, 
employed in the manometric method. Identical curves were obtained with whole serum and 
with purified ceruloplasmin. The adsorption coefficient of the end product is unaffected by 
these variations in pH. 


Results 

Enzymatie oxidation of PPD by partially purified ceruloplasmin or by 
human serum is maximal at pH 5.4 to 5.5 (Fig. 1), which is employed in 
preference to the pH 6.0 buffer used in the Holmberg-Laurell’ manometric pro- 
cedure.’ Evolution of the colored end product proceeds in a linear manner for 
at least 4 hours (Fig. 2), under the conditions described, to reach optical densi- 
ties in excess of those encountered to date in any serum ineubated for 1 hour. 
The rate of formation of the colored end product is directly proportional to the 
concentration of the enzyme over a wide range (Fig. 3). 

A large, circulating water bath is required to minimize variability and 
delay in bringing the reaction mixture to proper temperature. Forced-draft 
hot air incubators or small water baths gave erratic results, while a 20 L. cireu- 
lating bath regularly heated the contents of up to 48 test tubes to 37° C. within 
3 minutes of immersion, from initial temperatures varying from 4° to 27° C. 

The presence of a serum protein (albumin) other than ceruloplasmin 
markedly reduced the rate of spontaneous oxidation of PPD, but led to no re- 
duction in the rate of enzymatic oxidation of PPD (Table I). Sodium azide 
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contributed no color to the reaction mixture, nor did it alter the rate of spon- 
taneous oxidation of PPD in buffer or in buffer containing a plasma protein 
(albumin) other than ceruloplasmin (Table II). The addition of 1 ml. of 0.5 
per cent sodium azide to 0.1 ml. of serum in the control tube leads to prompt 
and virtually complete inhibition of the enzymatic activity (Table Il). At the 
end of the ineubation period, however, the addition of 1 ml. of 0.5 per cent 
sodium azide to 0.1 ml. of serum in 9 ml. of buffered PPD does not result in 
immediate and complete cessation of enzymatic activity. If the control tubes 
and the sodium azide—inactivated enzyme assay tubes are allowed to stand at 
room temperature after removal from the incubating bath there is a progressive 
rise in optical density of the reaction mixture, more rapid in the ‘‘inactivated 
enzyme’’ tubes than in the corresponding control tubes, leading to an increas- 
ingly large over-estimate of enzymatic activity with delays in measurement. 
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INCUBATION PERIOD (hrs) 
Fig. 2. Time course of ceruloplasmin-catalyzed oxidation of PPD-HCl. Note the absence of 
a detectable lag period, indicating that there is no significant competitive inhibition of the 
reaction by ‘‘endogenous substrates’’ added with the enzyme source. This curve obtained 
with whole serum in standard assay procedure. 


Table II. "Effect of sodium azide on ‘‘spontaneous’’ and enzymatie oxidation 
of PPD 





Sodium azide* Optical density 





(mg./10 ml.) Buff er Albumin Ceruloplasmin 





0 0.120 0.070 3.400 

1 0.120 0.070 0.131 

5 0.124 0.092 
10 0.118 0.072 
20 0.122 0.061 
50 0.119 0.070 0.050 
100 0.120 0.056 





*Concentration of sodium azide in complete reaction mixture. 
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SERUM DILUTION 
Fig. 3. Effect of enzyme concentration on reaction rate. Under the conditions selected for 
the clinical-laboratory test, PPD-oxidation retains a simple linear relationship to the amount 
of enzyme added. Variations in activity, therefore, are directly proportional to variations 
in enzyme concentration. 


Placing the test tubes in a refrigerator immediately after the addition of sodium 
azide and standardizing the time interval between the end of the incubation 
period and spectrophotometry minimizes this source of error and eliminates 
rising optical density during spectrophotometry. 

The attainment of reproducible test results requires rigid standardization of 
the conduct of the test procedure but only moderate precautions in handling 
serum samples. Serum may be stored at 4° C. for several weeks, or repeatedly 
frozen and thawed, without alteration in enzyme activity. However, if a clear 
serum becomes turbid or forms a precipitate during storage, it must be pre- 
sumed that ceruloplasmin, as well as other proteins, may have been altered, and 
the specimen should be discarded. An almost total loss of PPD-oxidase activity, 
coincident with such changes in the physical state of the serum proteins, has 
been encountered in only a few sera out of a large number of stored samples 
tested. 

When the test was performed in ordinary glassware, there were occasional 
large differences between samples, tested in triplicate, which could not be ac- 
eounted for by errors in pipetting, incubation, enzyme inactivation, or spectro- 
photometry. These oceasional unexplained variations in PPD-oxidase activity 
were eliminated by the use of siliconized glassware, as previously mentioned.. 
With average manipulative skill, ceruloplasmin activity can be determined 
within a probable error of 2 per cent in a routine clinical application of the 
method. 

In the absence of crystalline ceruloplasmin as a primary standard, a highly 
purified ceruloplasmin was calibrated by inactivation with sodium cyanide, and 
the loss of PPD-oxidase activity compared with the corresponding decrease in 
optical density of the ceruloplasmin preparation at 605 mp in a Beckman DU 
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spectrophotometer (Table III). Using the Holmberg-Laurell factor’? for 
conversion of optical density at 605 my to ceruloplasmin concentration (see 
footnote, Table III), the net optical density attained in the PPD-oxidase assay 
may be converted directly to milligrams per cent ceruloplasmin in whole serum 
by multiplying optical density by 87.5. 

The routine test outlined in the method was carried out in 100 sera obtained 
at random from nonprofessional blood donors presumed to be free of disease by 
usual blood-bank criteria and, therefore, acceptable as blood donors. The mean 
PPD-oxidase activity of these sera was O.D. 0.369 + 0.056 (1 S.D.), equivalent 
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Optical Density} 0.200 0.300 0.400 0,500 0.600 


Cer. Mom. % 20 30 40 50 














Fig. 4. Serum ceruloplasmin concentration (PPD-oxidase activity) in 100 presumed healthy 
blood donors. The bell-shaped curve represents the calculated Gaussian distribution of values, 
based on the arithmetic mean and standard deviation. The 3 sera falling outside the range 
of 3 8.D. above the mean nevertheless were included in this calculation, although they prob- 
ably are not ‘‘normal, healthy’’ subjects. 


Table III. Calibration of colorimetric PPD-oxidase activity as ceruloplasmin 








Sample | O.D. 605 mu | PPD-oxidase activity 
Active enzyme 0.059 0.870 
CN-inactivated enzyme 0.009 0.050 

ODos x 4.585 x 100 


= mg. % ceruloplasmin* 





0.32 
mg. % ceruloplasmin Factor for conversion of O.D. in PPD-oxidase test 
O.Dysa0 mp — to mg. % ceruloplasmin in serum in standard 


test.t 








*Derived from data of Holmberg and Laurell.? The constant 4.585 is the ratio between 
concentration of ceruloplasn:in copper, expressed in micrograms per 100 ml. of a solu- 
tion of pure enzyme, and the optical density, at 605 my, of the active enzyme in a 
1 cm. path cuvette. The constant 0.32 is the concentration of copper in human cerulo- 
plasmin, expressed in per cent. 

+The mean value of this conversion factor, based on 6 determinations with 3 different prep- 
arations of purified ceruloplasmin, is 87.5. Thus, net Optical density of PPD-oxidase 
activity of 0.1 ml. of serum in the standard test, multiplied by 87.5, expresses the result 

directly in the term “mg. ceruloplasmin per 100 ml. of serum.” 
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to 32.3 + 4.9 mg. per cent ceruloplasmin. This relatively small series of ‘‘normal’’ 
donors exhibited essentially a normal distribution of values but with 3 
sera falling more than 3 §.D. above and no sera falling more than 2 8.D. below 
the mean of the entire group (Fig. 4.). A similar distribution with 4 sera out 
of 100 falling more than 3 S.D. above the mean had been obtained in an earHer 
series of randomly selected blood donors examined by a slightly less accurate 
modification of the test. 


Discussion 


The conditions selected for the present colorimetric assay method appear to 
provide a nearly optimal combination of simplicity of technique with a degree 
of precision and reproducibility suitable for a routine clinical and investigative 
procedure. The ceruloplasmin content of normal human serum determined by 
this method compares very well with the value of 34 + 4 mg. per cent obtained 
by chemical analysis of ‘‘bound’’ serum copper’ and 32 + 4 mg. per cent de- 
termined by the immunochemical method on the same samples... A normal 
value of 24 + 10 mg. per cent obtained in another small series by the immuno- 
chemical method of assay* probably reflects the variability in batches of anti- 
serum, 

Other colorimetric enzymatie assays of ceruloplasmin have been described 
using either p-phenylenediamine,* N,N’-dimethyl-p-phenylenediamine,”? or ben- 
zidine® in conjunction with higher concentrations of serum in the reaction mix- 
ture than employed here. Investigation of the first two methods, however, has 
clearly demonstrated that introduction of endogenous substrates, primarily as- 
corbie acid,’® with the larger serum sample interferes with the assay by compe- 
tition with oxidation of PPD or N,N’-dimethyl-PPD.* > Benzidine, on the 
other hand, is recognized to be too insensitive a substrate for ceruloplasmin, re- 
quiring a 12 to 24 hour incubation period for sufficient conversion to be readily 
measured spectrophotometrically. 

A much wider application of this test must be carried out before the clinical 
significanee of ceruloplasmin determinations can be properly assessed in con- 
ditions other than HLD. Premature claims of a significant relationship between 
ceruloplasmin levels and mental disease, subsequently invalidated, were pri- 
marily due to technical flaws in the methods employed for the assay of cerulo- 
plasmin. The method described herein appears to be free of systematic error 
and to be absolutely specific for ceruloplasmin under the conditions outlined. 

At the present time, ceruloplasmin determination is of diagnostic value only 
in hepatolenticular degeneration, in which there is, with rare exception, pro- 
found depression of the serum level. Low ceruloplasmin levels encountered in. 
newborn infants (up to 3 months of age), in severe deficiency syndromes with 
malabsorption, and in some instances of the nephrotic syndrome with cerulo- 
plasminuria (the only cireumstance associated with urinary excretion of this 
protein-enzyme), are readily distinguished from hepatolenticular degeneration 
on eliniecal grounds. 

The ceruloplasmin content of the serum of normal, healthy subjects appears 
to be remarkably constant, in a given individual, throughout the day and from 
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one day to the next.'' Given a sufficiently reliable and sensitive method, therefore, 
variations in ceruloplasmin activity of serial samples should be susceptible 


to correlation with a clinical state under investigation. Thus, in a given indi- 
vidual, variation of more than 4 to 6 per cent (2 to 3 times probable error of 
the method) in the ceruloplasmin activity of successive sera may be presumed 
to be ‘‘real,’’ i.e., a change in the status of the donor or an alteration introduced 
in the manipulation of the serum prior to testing. 

The physiologic functions subserved by this enzyme remain completely un- 
known, although its ability to catalyze oxidation of histamine, adrenaline, nor- 
adrenaline, serotonin, aseorbie acid, and glutathione has been the basis for sev- 
eral speculative hypotheses regarding its function. Although ceruloplasmin 
copper has been shown to be exchangeable in the presence of ascorbie acid,” 
the enzyme does not appear to control gastrointestinal absorption of this trace 
element. 

In view of the fact that ceruloplasmin elevation is encountered in associa- 
tion with neoplasms, chronic infection, recovery from myocardial infarction, ete., 
it might be well to study with more than average care the 3 per cent of ap- 
parently normal individuals who exhibit very high levels of this enzyme for no 
readily apparent reason. 
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Replaceable heaters are available for the Micro-Kjeldahl apparatus and can be easily fitted by the user. 











STANDARD SCIENTIFIC Fn 


S 808 BROADWAY REAGENTS 
+ NEW YORK 3, N.Y ae 


a newly developed 
colloidal adsorbing agent” 


sormone 


for maximum hormone 
absorption in preparation 
of urine extracts for 
pregnancy testing 





used by many leading 
university and government 
laboratories for fast, accurate 
tests at lower cost! yn Model JD-104 


FOR RATS AND MICE 
INCREASED ACCURACY 


RAPID, SIMPLE TECHNIQUE A carefully designed, precision- 
ng een oe gh ne os al built unit. A favorite with research 


MORE COMPLETE HORMONE ADSORPTION men who work with small animals. 
NO ANIMAL LOSS FROM TOXIC URINE “ . ‘ 
COSTS LESS THAN Sc PER TEST Standard Overall Size: 7 in. wide, 


FOR USE WITH FROGS, MICE AND RABBITS 7 in. high and 14 in. deep. Special 
sizes on request. 
Correspondence invited 


HARFOR D 
LOUIS C. HERRING :«. CoO. METAL PRODUCTS, Inc. 


25 EAST UNDERWOOD AVE. ORLANDO, FLA. 





DEPT. J, ABERDEEN, MD. 


Page 26 J. Lab. & Clin. Med 








SS | 





” Versatol-A Alternate 


The Abonemst Blood Cheer 


iy Standard ane Controt 


Reflections of a Blood Chemistry Standard — 


To reflect without distortion chemical 
changes in the patient, a new standard-in- 
serum is now available to extend the range 
of the Versatol series. 


VERSATOL-A ALTERNATE, the new 
product for the quality clinical laboratory, 
has each of 16 constituents standardized in 
the abnormal range. 


VERSATOL-A ALTERNATE is essen- 
tially a mirror image of Versatol-A. 
VERSATOL-A ALTERNATE provides. 
blood chemistry values constructed for clin- 
ically significant pathological areas different 
from those in VERSATOL-A. 


For example, the PBI in Versatol-A is 
abnormally low, the area which so often 
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serum standard and control. All three stand- 
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PHOTOELECTRIC 
COLORIMETER 


Developed with the requirements of 
routine colorimetric analysis particular- 
ly in mind, but has found application in 
a variety of unusual! analytical prcce- 
dures as well. No logarithm tables or 
“calibration curves” on semilogarithmic 
paper required. The concentration of 
unknown is obtained directly from the 
scale reading by simple calculation. 


$205 


KLETT 
BIO-COLORIMETER 


The visual color- 
imeter illustrated 
presents a num- 
ber of outstand- 
ing features mak- 
ing it ideal for 
clinical or re- 
search work. 
Built on the most 
modern mechani- 
cal and optical 
principles it is 
widely accepted 
for its accuracy 
and durability. $165 


179 EAST 87th STREET, NEW YORK, N. Y. 








——_<—_ 


FOR MEN AND WOMEN! 

A 
“jm WORTHWHILE 
y CAREER 
4 


LABORATORY 
TECHNIQUE 


THE GRADWOHL SCHOOL OF LABORA- 
TORY TECHNIQUE is an ethical school, 
manned by competent ethical physicians and 
technologists and enjoys a ox ~ rating among 
the medical profession . raduates placed 
in desirable positions since 1920. Gradwohl 
graduates are recognized as expert techni- 
cians. 

Course includes—Clinical Microscopy; Hema- 
soregy and Blood Grouping; Serology; Ap- 
plied Bacteriology; Basal Metabolism; Blood 
Chemistry; Electrocardiograpby; Parasitology; 
Tissue utting and Staining. 


ENROLL NOW for priority. 12- 
month covrse; 6-month intern- 
ship. Classes begin Jan., March, 
June, July, Sept., Oct. 


40th Successful Year 


SCHOOL OF 
LABORATORY 
sn 


Founded in 1920 by R. B. H. Gradwohl, 
Stanley Reitman, M.D., Medical a. 
3514 LUCAS AVE. ST. LOUIS 3, MO. 











Klett MANUFACTURING CO. 

















with your support 


RETARDED 
CHILDREN 
CAN BE 
HELPED 
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Kodak reports on: 


a slow return of confidence ...a robot for speechmakers 


That new calcium reagent? Sure! 


The following proves that we are human. Frankly, 
we would much prefer to be regarded as a benevolent 
but flawless machine, incapable of error. It looks 
nicer. 

But since you insist on reading on into the details, 
consider Benzohydroxamic Acid (Eastman 8262), a 
reagent of broad analytical utility. This compound 
forms a brilliant red color on chelation with ferric 
chloride, colorless salts with the alkali metals, and 
colored chelates with many polyvalent metals such 
as uranium and vanadium. Its structural formula is 


OH 


“_ 
<__P-c-N-0H 


and it had held our attention. At this time our at- 
tention was also drawn to a new reagent for traces 
of calcium. It was called naphthalhydroxamic acid. 

This, we mumbled to ourselves, figures—a 


homolog— 
CY 0% 
>-c-N-on 


So we made it. The first customer found it worthless 
for the purpose. You, of course, realize why. 

Our homolog is /-Naphthohydroxamic Acid and 
was so labeled. But who brought up the homolog 
jazz anyway? We did. The author who had proposed 
naphthalhydroxamic acid wasn’t suffering from a 
speech defect or a typographical error. It was we 
who were suffering from the disease that causes 
jumping at conclusions. He meant the reaction 
product of hydroxylamine with naphthalic anhy- 
dride, viz. oO 

ll 


Oe: ee 
q p> c~ 


ll 
Oo 
Abashed, we slunk back to the bench and made 
that. Another goof here would be most unbecoming. 
The author had said it was white. What color was 
ours? Yellow. Yellow, eh? Stall! Don’t ship! Give 
any excuse, but don’t ship! And we dug into the 
literature. Even dug up an old paper that speculated 
about what it called “xanthoisomers” of certain 
phthalic oximes otherwise structurally identical. 
_Our product did give the proper infrared absorp- 
tion spectrum and melting point. It did give an ex- 


cellent test for Cat* when used in a procedure in - 


The Analyst (Dec. 60), where the compound permits 
determination of calcium for 0.2 ml of serum as 
compared to the 2.0 ml required for accuracy by the 
standard oxalate method. This paper described the 
compound as yellow. A Japanese paper was also 
found that described it as yellow. 

Confidence slowly returned. Under the name 
N-Hydroxynaphthalimide and the designation East- 
man 8161, we are now releasing it and even offering 
procedural abstracts. 

These are Eastman Organic Chemicals now. There are some 
3900 Eastman Organic Chemicals. Substantial numbers of them 
are even stocked by our distributors across the country. List No. 
42 is the latest. For a copy or for the procedural abstract on cal- 


cium write Distillation Products Industries, Rochester 3, N. Y. 
(Division of Eastman Kodak Company). 


Multiply thyself 


Should the thrill 
wear thin of skitter- 
ing here and there 
over the map to 
show slides and 
speak your spiel, 
send out a box of 
slides, a Kodak Cav- 
alcade Projector, a 
decent tape re- 
corder, and a Kodak 
Cavalcade Program- 
mer that ties them 
together in a presen- 
tation so alive that 
your own living presence will scarcely be missed. 
The time saved could be devoted to new efforts— 
raw material for slides yet unborn. In return for for- 
going the pleasure of your company as entertainer, 
society gets more out of you as investigator. 

The Kodak Cavalcade Programmer is used by a 
speaker to pre-package his presentation in solitude 
so as to maximize its cogency and minimize depend- 
ence on others for accuracy and effectiveness. Its 
panel bears three control knobs and a pushbutton. 
The microphone from the tape recorder is plugged 
into the programmer instead of the recorder itself. 
The magazine of the Cavalcade Projector is loaded 
with the slides. The speaker starts his speech. At the 
instant when he wants the first slide to come on, he 
presses the button. This records a 6.5-kc beep on the 
tape. Now he is seeing exactly what the audience will 
be seeing at this point in the discourse. Pertinent 
points about it may well occur to him that might 
not occur when speaking with his back to the picture 
and his gaze fixed on some vindictive-looking char- 
acter in the fourth row. When he wants the next 
slide he presses the button again; without further 
human intercession the beep will change the slide at 
that instant every time. And so on for the allotted 
time. The “‘erase”’ feature of tape, a benign presence 
denied to those who speak in the flesh, is always 
comfortingly there during the recording session. 

Why three knobs on the panel? We are glad you 
asked. 

As conceived for home entertainment and com- 
mercial promotion use, the device provides for 
musical ornamentation of the show. The knobs per- 
mit music from other sources to be mixed into the 
tape in proper balance to the narration. Scientists 
willing to let the prevailing mood of the presenta- 
tion adjust itself without musical aid may find other 
uses for the additional aural supplementation. 

The Kodak Cavalcade Programmer can also be 
used for presentations by audio-visual methods 
other than tape-and-slides. (It can cue a movie pro- 
jector into a slide show, for example.) Conversely, it 
can be used with tape and slides for purposes unre-" 
lated to speechmaking. (It can cue a time-lapse 
camera, for example, by beeps spaced according to a 
table of random numbers.) 

Write for a deeper exposition of the Kodak Caval- » 
cade Programmer and the name of a nearby dealer f 


to Eastman Kodak Company, Apparatus and 
Optical Division, Rochester 4, N. Y. 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little rev- 
enue from those whose work has something to do with science 


July, 1961 


Page 29 





ANNOUNCING! 


UNIFORM 
ROCKLAND 
DIETS 

NOW IN 


Nel Sle, 
Mel Sulla 


For more efficient feeding... 
Easier eating...Less waste 


NO CHANGE IN FORMULATION 





New 3/16” bite-size pel- New flat-oval, can't-roll 
let now available in pellet now available in 
Rockland Rabbit and Rockland Mouse and 
Guinea Pig Diets. Rat Diets. 


Greater ease and convenience of feed- 
ing; improved, more uniform feed in- 
take; less waste—these are but three 
reasons why investigators prefer the 
new pellet size and shape of Rockland 
Diets. These new pellets flow easily and 
efficiently through standard feeders, as- 
suring an adequate feed supply for the 
animal at all times. And because ani- 
mals find these pellets easier to eat, less 
fines and crumbles result. For improved 
productivity, efficiency and economy, 
investigate the many advantages of 
famous Rockland Standard Reference 
Stock Diets—available in new improved 
size and shape. See your Rockland 
Dealer for further information, or write: 
A. E. Staley Mfg. Co., Decatur, Illinois, 
manufacturers and distributors of: 


ROCKLAND DIETS 
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-——— ENZYMATIC PREPARATIONS 


alpha-CHYMOTRYPSIN 
x cryst, salt-free, lyoph., 8,000 ATEE 
units/m; $ 17.00/g 
a yo! OTRYPSIN 
ryst, salt-free 
gamma-CHYMOTRYPSIN 
2x cryst, salt-free lyo 





6x 
DESOXW RIBONUCLEASE 
+ lyoph., 90,000 Dornase 


HYALURONIDASE 
salt-free, lyoph., 300 Int. units/mg 
Ovine 
salt-free, lyoph., 300 Int. units/mg 
Bovine 
= “pe lyoph., 500 Int. units/mg 


HYALURONIG ACID 
lyoph., protein-free 
PERC XIDASE 
salt-free, lyoph., 60 units/mg, 


RIBONUCLEASE 
5x cryst, salt-free, proteose-free, 40 Kunitz 
units/mg 
TRYPSIN 
2x cryst, 
units/mg 
TRYPSINOGEN 
Ix cryst, 50% MgSO. 
URICASE 
lyoph., hog liver, 5.0 units/g, 
NaCOs; -. ane 


Write for Catalog No. 3 Listing Over 
2,000 Rare @ Fine Organics 
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SOU LABORATORIES, INC. 








Sterile 


Sheep 
Blood 


For 


BLOOD PLATES 


PREPAID 
Via Air Mail Special Delivery 





*Write for prices on weekly or 
biweekly standing orders. 


THE BROWN LABORATORY 


302 Watson, P. O. Box 424 
Topeka, Kansas 
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PHOTOVOLT PHOTOVOLT Densitometer 


Clinical pH Meter Mod. 125-B for ° 
Blood pH Tests for Paper Electrophoresis 





A precision instrument for convenient 
and speedy evaluation of strips of filter 
High accuracy, combined with simplicity of paper in paper electrophoresis 
operation and maintenance. $225.- Write for Bulletin #755 to: 


Write for Bulletins Nos. 118 and 122 to: 
PHOTOVOLT CORP. 





PHOTOVOLT CORP. 1115 Broadway New York 10, N. Y. 
1115 Broadway New York 10, N. Y. ALSO ; 
Also: Densitometers for Paper Electrophoresis @ Clinical Colorimeters d pH 
‘ , pH Meters for Blood pH Interference Filters 
Colorimeters @ Fluorimeters @ Hemaglobinometers @ Ex- Fluorimeters | Fluorescence Comparators Multiptler Photometers 
posure Photometers for Photomicrography © Fluorescence Nephelometers for Diagnex Test Hemoglobinometers 





Comparators for Diagnex Test. Exposure Meters for Photomicrography 











REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 


Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 
2364-2384 SOUTH ROBERTSON BLVD. BEVERLY HILLS, CALIFORNIA 





S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN, PH.D 














Changing Your Address? 


WHEN YOU MOVE, PLEASE— 


(1) Notify us to change your address—allow us six weeks to make the change. 

(2) Mention the name of this Journal. (We publish twelve periodicals.) 

(3) Give us your old address. If possible, return the addressed portion of the envelope in 
which we sent your last copy. 

(4) Give us your new address—complete—including the Postal zone number. 

(5) Please print your name and address. 


Thank You! 


Circulation Department, The C. V. Mosby Company, Publishers, 3207 Washington Blwd., 
St. Louis 3, Mo. 
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Aloe Scientific now offers 
as a complete package the latest 
equipment and reagents necessary 


Ne west Equipment for fluorescent microscopy. 


f These basic assemblies permit 
OF the most versatile application 


possible. 


With the new procedure, 
U 0 r e S ( e ln specific antibodies formed in the 
tissues can be tagged or labeled 


with fluorescent dye so they will 
® glow under ultraviolet 
| (| 0) S ( () light. This technic has aided in 

much faster identification of 
pathogenic and nonpathogenic 

The rapid, microscopic technic microorganisms, and greatly 

for identifying microorganisms speeded up diagnosis of a 

and antigens in tissue. wide range of diseases. 
Modifications of the AO 

Phasestar microscope make it 
ideal for fluorescent study, in 
addition to phase, bright field 
and photomicrography. If 
desired, your present microscopic 
equipment may be converted 
for fluorescence by interchanging 
and adapting objectives and 
accessories suggested. 
To determine the exact equipment 
you need, write today for descriptive 


bulletin FM-459 and complete 
bibliography on fluorescent microscopy. 


Microscope with illuminator 


Illuminator and power supply 


eloe scientific FULLY STOCKED 


DIVISION OF BRUNSWICK CORPORATION DIVISIONS 


COAST-TO-COAST 
General Offices: 1831 Olive St. @ St. Louis 3, Missouri — 


J. Lab. & Clin. Med. 








all 
































(See also pages 34, 35) 








LIVE FROGS for PREGNANCY DIAGNOSIS 


Year ’round supply of selected large, healthy, male frogs for latest pregnancy 
test (99% accuracy). Cost negligible. Negative test animals can be used 
repeatedly. Results in less than two hours. Prompt shipment anywhere, by air 
to distant points. Prices include screened shipping crates and boxes. 





Frogs. With complete directions for use and care. Dozen__--$ 7.50 
Laboratory Tank with Cover - 7.00 
Isolation Jar, 5” x 7” with weighted metal cover ~~. .--__-~-_ 3.50 


Frog pregnancy test kit, complete, 14 items including 
BE TROD TROD nnn cites ctmetewceniasencdesenns 





Rana pipiens 


NEW YORK SCIENTIFIC SUPPLY CO. - - - - 28 West 30th St., New York 1, N. Y. 


Headquarters for Live Frogs 























LABORATORY ANIMALS “7 


We are specializing in an excellent strain . 

of Albino Guinea Pigs—heavy in Hartley Dogs Rats Rabbits 
Blood Lines. Highly acclaimed by all Cats Pigeons Hamsters 
users. Also Webster Swiss Albino Mice " . ‘ 
and Wistar Albino Rats. Mice Poultry Guinea Pigs 








JOHN C. LANDIS, Hagerstown, Maryland 





GOPHER STATE CAVIARY 
862 Atlantic Street 
St. Paul 6, Minn. 


Phone PR. 6-0843 


RABBITS—White N. Z. 
MICE—White Swiss. \ 
GUINEA PIGS—Albino 


For Information, Write 
or Phone 











Since 1920 








DAN ROLFSMEYER CO. 
ALBINO RATS SWISS (ALBINO) MICE 


Price List on Request 
Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 
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(See also pages 33, 35) 








RATS © © MICE 
GUINEA PIGS « ¢ RABBITS 
es Clean, Ventilated up to date Buildings- 
* @ ey Ie usa P P ° 
“~, £ cat BARBUS Saree Industrial Washing Machine, Steam 
*# of ‘ARM .. " #2 Sterilizer -- Regular Testing of Stock 
for Detection of Disease. 


| ABOR ATORY ANIM ALS Send for brochure OX-bow 4-0703 


a Gee 
FOR SCIENTIFIC £ MEDICAL USES 414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 











Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QUIVIRA SPECIALTIES CO. 
4204 W. 2\st Street “t+ = “t+ Topeka 32, Kansas 











FROGS HORMONE TESTED 


Greater accuracy is achieved when you know the sensitivity of the animal. 

Free Laboratory Manual on pregnancy testing and the care of frogs in the laboratory. 
Be sure of year round supply at lowest prices and fastest service available. 

Orders delivered within 36 hours after we receive them. 


For information and prices, phone or write: 
J. R. SCHETTLE FROG FARM, INC. Stillwater, Minnesota 
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SINCE 1945 











XENOPUS LAEVIS FROGS X-L FEMALE FROG PREGNANCY 
exclusively TEST 


No Seasonal Variations 
No False Positives 


Highest accuracy—economy—speed. Test so 
simple requires minimum of technician’s time 
using either urine concentrate or blood serum. 
No microscope work or surgery of the animal. 
Write for literature. Animal cost per test 10¢ to 


15¢. 
JAY E. COOK, Importer 
Cockeysville, Maryland, U.S.A. 











LABORATO RY Albine Rats from Wistar Strain 
ANIMALS Albino NZ Rabbits 


Hamsters 





> ALBINO FARMS 
. *stalniess steel watering tubes for P. O. Box 331 
since 1929 | laboratory animals BENT or STRAIGHT RED BANK, NEW JERSEY 











RABBITS GUINEA PIGS 


Developed and housed to insure best results in all types of tests 


Continuous supply and prompt shipment FOB Indianapolis 
PAUL HAMM RABBITRY R.R. No. 4 =TUcker 1-2188 





Greenwood, Ind. 








Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


. h b . . l . . 
Senutel tihien Set Piegaaents Write for handbook giving full information 


aP age E. G. STEINHILBER & CO., INC. 
COE FUSS OS SN =e iin Renee (Est. 1922) Oshkosh, Wis. 
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Trademarked 
drugs... 






or “drugs 
anonymous’! 





































In the field of medicine, as almost everywhere else in a free economy, 
the trademark concept has evolved over the years. As with most 
human institutions, there are some who may not consider it ideal; 
but it has brought about three signal benefits: 


To the physician it gives assurance of quality in the drugs he 
prescribes—assurance backed by the biggest asset of the maker, 
his reputation. 


To the manufacturer it gives one of the greatest possible incen- 
tives to produce new and better curative agents. 


To the pharmacist it gives preparations which he can dispense 
with confidence. 


If trademarks are done away with, a whole new setup must be created: 


1. An enormously expanded, expensive system of government 
quality control. 


2. A new system of generic nomenclature which would magi- 
cally turn out names not only rememberably simple, but also 
conforming to the principles of complex chemical terminology. 


3. Something new to fill the gap left by the elimination of the 
trademark incentive to produce new and better drugs. 


The American system has been pre-eminent in producing and distrib- 
uting good medicines. Above all it has been successful in creating 
new advances in therapy. In a dubious effort to provide cheaper 
medicines by abolishing the trade names upon which the responsible 
makers stake their reputations, let us beware of sacrificing this success. 


This message is brought to you on behalf of the producers of prescription 
drugs to help you answer your patients’ questions on this current medical 
topic. For additional information, please write Pharmaceutical Manufacturers 
Association, 1411 K Street, N. W., Washington 5, D.C. 

















Paragon Reagents Vg Dependable 4 Tested . i as Quality 
Paragon Standards and Reagents for Clinical Chemistry 


Accurately prepared and standardized in our own laboratories 


Catalog 
Description No. Quantity Price 
Acid Digestion Mixture—Paragon (concentrated) ~--------------- P745 100 ee $1.20 
Alkaline Copper Tartrate—Paragon (concentrated) ~------------- P851 for 1 liter 45 
Ammonium Sulfate Solution—Paragon (saturated-aqueous) ~------- P582 100 ce 1.00 
tenedict Compound Paragon—Qualitative, granules ~---.-------~- P520 for 1 gallon 1.35 


P501 for 1 liter 45 
ER ena eee eae tnt P631 for 1 gallon 2.70 
* P611 for 1 liter .90 


3enedict Compound Paragon—Quantitative, granules 

















Paragon Bone Decalcifying Solution ~--.----.---------------_--_ PS3100 500 ce 2.35 
Benzoic Acid Solution—Paragon (0.25% aqueous) --------------~- P890 500 ee 1.00 
Paragon Combined Decolorizer-Counterstain-_-______--------_-_-_-- PS2275 500 ec 1.80 
Creatinine Standard—Paragon (stock—1 ml. equals 1 mg.) --_----~~ P360 100 ec 75 
Creatinine Standard—Paragon (working—1 ml. equals .006 mg.)_--_ P370 100 ce 75 
Diazo Reagent A—Paragon (0.1% sulfanilic acid) ~--------------- P575 250 ce .80 
Diazo Reagent B—Paragon (0.5% sodium nitrate) --------------~-- P576 100 ee BY fo 
Ferric Ammonium Sulfate—Paragon (ferric alum powdered) _---~--- P676 50 gm. 1.45 
Ferric Chloride Solution—Paragon (10% aqueous)---------------- P970 250 ec .90 
Glucose Standard—Paragon (stock—1%) ~----------------------- P870 100 ec 1.00 
Glucose Standard—Paragon (intermediate—stock—0.2%) ---------- P872 100 ec 1.00 
Glucose Standard—Paragon (1 ml. equals 0.1 mg.) --------------~_~- P875 100 ec 1.00 
Glucose Standard—Paragon (1 ml. equals 0.2 mg.) ------------_-_-_ P876 100 ee 1.00 
Ieteric Index Standard—Paragon (0.01% potassium bichromate) ~-- P590 250 ee 85 
Nessier Compound Paragon, granules... on nce onto ss- P701 for 1 liter 1.90 
Nitrogen Standard—Paragon (stock—1 ml. equals 1 mg.) -~--------- P722 100 ee 85 
Nitrogen Standard—Paragon (working—1 ml. equals 0.1 mg.) -~----- P723 100 ec 85 
Nitrogen Standard—Paragon (working—1 ml. equals 0.05 mg.)----P724 100 ce 85 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.2 mg.)-~------ P725 100 ec 85 
Nitrogen Standard—Paragon (stock—1 ml. equals 1.5 mg. in 

re UN a i re eee eee ein eis P726 100 ce 1.00 
Nitrogen Standard—Paragon (working—1 ml. equals 0.015 

me; Se CU MND RON sce cl hte aeons P721 100 ce 1.00 
Nitrogen Standard—Paragon (stock—1 ml. equals 0.75 mg.) ------ P728 100 ce 85 
Nitrogen Standard—Paragon (working 1 ml. equals 0.015 mg.)----P729 100 ec 1.00 
Phenophthalein Solution—Paragon (1% alcoholic) ~--------------- P960 100 ce 85 
Phospho-Molybdic Acid Reagent—Paragon, concentrated_---------- P801 for 1 liter 2.35 
Picric Acid Solution—Paragon (especially purified— 

ION GROEN) aioe eee ee sasee P350 500 ee 1.50 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 

de ae a ee ee eee ee P651 250 ec 1.00 
Standard Potassium Thiocyanate Solution—Paragon (1 ml. 

equals 1 mg. sodium chloride) ...................-.--------- P656 250 ec 1.00 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 

SI IRI Seca ge aa ice Nate ien aetna Seen co ects P650 250 cc 75 
Standard Silver Nitrate Solution—Paragon (1 ml. equals 1 

ee ae a een P655 250 ce .75 
Sodium Alizarin Sulfonate Solution—Paragon (1% aqueous) ------- P965 100 ec .60 
Sodium Hydroxide Solution—Paragon (10%)-------------------- P355 500 ce 1.50 
Sodium Hydroxide Solution—Paragon (0.1N) -------------------- P950 500 ee 1.20 
Sodium Tungstate Solution—Paragon (10%) -------------------- P116 500 ce 2.25 
eetreric. Ate —— 2 rh Ce isin a epee eeeen ee oenee P120 500 ec 1.20 
ee Ee 6: a ee ee P125 500 ce 1.20 
Toepfer’s Reagent—Paragon (0.5% alcoholic) -------------------- P955 100 ce 1.00 - 
Van den Bergh Standard—Paragon (cobalt sulfate) --------------- P580 250 ec 1.50 


Write for catalogs 957A §& 957B fully describing Paragon Staining Solutions, Chemical 
Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories 


All prices F.0.B. New York, N. Y., subject to change without notice. 


Manufactured exclusively by 


PARAGON C. & C. CO., Inc., 2540 Belmont Ave., New York 58, N.Y. 


Cable Address: Wijeno, New York 
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IN pH MEASUREMENT...IN AUTOMATIC TITRATIONS... 


Coleman pH instruments meet 
ALL 3 laboratory requirements 


Note the strong family resemblance in Coleman 
pH instrumentation? Here is beauty far more than 
skin deep—the real family traits are high accu- 
racy, convenience and economy. Every Coleman 


instrument is objectively designed to meet these 


requirements of modern chemists: 





Accuracy .. . crisp, functional design is only 
the outward aspect of the precision and perform- 
ance these instruments will deliver every day. 


Convenience .. . simplified controls, easy-to- 
read scales, sloping control panels—these instru- 
ments are designed with the operator in mind. 


Economy .. . moderate in first cost and low in 
maintenance. The reliable Coleman electrodes 
cut electrode replacement costs in half. 


THE COLEMAN pH FAMILY: 


COMP IN—combines 0.05 pH accuracy with unparal- 
leled versatility in pH and millivolt measurements. Provides 
automatic or manual temperature compensation, recorder 
output, titrator input, and polarizing current for Karl Fischer 
titrations. Drift-free, voltage stabilized. Price $300.00. 
TI —Automatic titration assembly for use with Com- 
panion. True proportioning controls and end point adjustment 
rovide for performing automatic titrations to within 0.1 pH. 
oe to set up, easy to operate, plug-in connection to 
Companion. Price $670.00. 


METRION~ A general purpose pH meter at low initial 
cost—with no sacrifice in accuracy. Covers 0-14 pH range, 
has calibration control for continuous precision over wide 
range of temperatures. Price $139.00. 


Write for Bulletins . .. Companion— EB-267A, 
Titrion- EB-275 and Metrion™ EB-257A. 
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Chlori-Pak 

Uni-Tech Chemical Manufacturing 

Came an eae 24 

Clinitest 

Ames Company, Inc. ~~~ Fourth Cover 
Coleman pH Instruments 

Coleman Instruments, Inc, ~------- 38 
Corning Cover Glass 

Corumg Glass Works ~....=..-~~- 19 
Diagnostic Plasma 

Waren 2. + 
Diagnostic Reagents 

Difco Laboratories ____-- Second Cover 


Electric Digestion Units 
Standard Scientific Supply Corpora- 
I re a 26 
Emdeco Prothrombin Recorder 
Electro-Mechanical Development 


0S REE Se ee errs Poe ene Sere 22 
Enzymatic Preparations 
K ®& K Laboratories, Inc. _----__~ 30 
Equipment for Fluorescent Microscopy 
EE DOE Geen ee 32 


Fraction Collector 


The Technicon Company ~-~---~-~ 2 
Gold Seal Slides & Cover Glasses 

See 9 
Handi-Boy 

Hartman-Leddon Company ~----~-~ 23 


Kimax Color Coded Pipets 


Arthur H. Thomas Company __--~~ 25 
Klett-Summerson 

Klett Manufacturing Company ____ 28 
Labolux IIIa 

Ae We 2 ae 18 
Laboratory Animals 

ee NR a ee 35 

Jay EB. Cook, importer =. 35 

Gopher State Caviary __-_------~- 33 

rau Haam Ravowry ............ GH 

Hemlock Hollow Farm __--~----~~ 34 

Pole GC Te ek 33 

New York Scientific Supply Co. -_-__ 33 

Quivira Specialties Company ~-~-~-~ 34 

Dan Rolfsmeyer Company ~----~-~~ 33 

J. R. Schettle Frog Farm, Inc. __-_ 34 

E. G. Steinhilber @ Company, Inc. 35 
Laboratory Procedures 

Baltimore Biological Laboratory, Inc. 12 
Laboratory Technique 

Gradwohl School of Laboratory 

TORN one nce 28 

Lipitest 

Merck @ Company, Inc, ~—.-~_-~~ 8 
Liquid Scintillation Counters 

Nuclear-Chicago Corporation ___ 16, 17 
Medotopes 

E.R. Seuss’ @ Sons 2.251 20 
Micro Assembly 

Beckman Instruments, Inc, __----~- 40 
Paragon Reagents 

Paragon C. & C. Company, Inc. 14, 37 
Photovolt Clinical pH Meter @ Den- 

sitometer 

Photovolt Corporation ____________ 31 
Referred Biochemical Analyses 

Chem-Tech Laboratories __-______-~-~ 31 
Rockland Diets 

A. E. Staley Manufacturing Company 30 . 
Small Animal Cage 

Hartford Metal Products, Inc. __--- 26 
Steril Sheep Blood 

The Brown Laboratory __-_--_---~ 30 
Versatol-A Alternate 

i aenert ROR. 8 So chs 27 


While every precaution is taken to imsure accuracy, we cannot guarantee against the possibility of an 
occasional change or omission in the preparation of this index. 
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ECRNICAL SUMPLUCLEY UN CLUNUCEHL ANALYSES 
of blood pH. ..with greater ease of operability, 
efficiency, reproducibility and stability. The 
Beckman Model 76 Expanded Scale pH Meter, 
Thermomatic* Constant Temperature Block and 
Micro Blood pH Assembly are designed to work 
together as a complete system for precision pH 
measurements of blood and other body fluids. 


@ By setting the expanded scale on the Model 76 


from 6 to 8 pH (to bracket the normal blood 
region between 7.35 and 7.42) direct readings to 
0.003 pH are obtainable. The Thermomatic Block 
maintains the sample at body temperature dis- 
pensing with the need for temperature corrections. 
The Micro Assembly permits use of samples as 
small as 0.25 ml if desired. @ For complete details 
call your authorized Beckman Laboratory Appara- 
tus Dealer, or write direct for Data File 43-7-01 
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7 MATTHEWS LIBRARY 
oni 1 =ASU. TEMPE, A IZ 


"2%. DE Feh t) CH SERPS REAL 98? CARAT PERSP A cE oy, 


up to 1 y of the “path-lab’s” chemistry 
0 


test-load can be automated 


* Dre tie Os OR RS a IE NESE VERSE TA 9s AS YOK EES 
Is NOW AVAILABLE i with the AutoAnalyzer 


urea nitrogen 


glucose at Run your eye down the list at left. It may 

come as a surprise to learn that AutoAnalyzer has 
moved so far so fast in freeing the laboratory staff 
from the drudgery and time-loss of routine 
analyses. 


calcium 
inorg. phosphate 


chloride With AutoAnalyzer in your lab the workload 


alk. phosphatase seems to melt. Same-day reports (unimpeachably 
accurate) become routine. Savings in time, labor, 
acid phosphatase materials (no glassware to clean or break) 
approach the unbelievable . . . in a typical 200-bed 
hospital such savings alone can amortize the 
AutoAnalyzer initial investment in several years. 


‘OPEt-}idslaslolil-ti-)) 


aastohataliat= 


Ask us to show you complete 


sodium data and detailed methodology* 


potassium po Can you afford to wait? 


Walmelate. 


total protein 


; TECHNICON® 
albumin 


* bilirubin Jamel \nelyzer’ 


cholesterol TECHNICON INSTRUMENTS CORPORATION 
Chauncey - New York 


are coming 
. | 
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Descriptive Booklet and Abstracts on AutoAnalyzer Methodology sent upor request ...drop us a post-card. 
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his color chart and 
form are tor 
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aera. cad ot 
ooo WHAT YOUR 
DIABETIC DOESN'T? 


for day-to-day appraisal of diabetic control 


color-calibrated 


—- CLINITEST 


BRAND ishe 
COMPANY, INC 
Elkhort « indiana 


elm standardized test for reliable quantitative estimations Was 


*Each Clinitest Set, and reagent tablet refill, contains a nis 
IN Graphic Analysis Record. Daily urine-sugar readings may 
sia be plotted to form a useful “profile” that helps to evalu- 


1os61 ate, at a glance, individual trends and degree of control. 





